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PREFACE. 



The Third Edition treading so closely on the heels of its prede- 
cessors, assures the writer that his little book has found use in the 
hands of many medical students, ^nd that his labor has lessened 
theirs. 

As long as the effort is made to crowd the whole science of medicine 
into a five months' course, the hurried student must have such a book 
as this to present the essential facts ^ so that he need not wade through 
the more exhaustive text-books, or be compelled to take voluminous 
notes, which are unavoidably inaccurate and unsatisfactory. The 
selection of material and the plan of presentation is the outgrowth of 
the author's experience as a general practitioner and as a teacher of 
medical chemistry for the past twelve years. 

The subjects treated are so numerous that the descriptions are 
necessarily brief, but the principles of the science and the application 
of the facts to medicine have been stated more fully. 

1 506 West Walnut Street, 
Louisville, Ky. 
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THE ESSENTIALS OF 

MEDICAL CHEMISTRY. 



INTRODUCTION. 

" Chemistry is that branch of science which treats of the composition 
of substances, their changes in composition and the laws governing 
such changes." ( iVc-bsier.) 

The distinctive characteristic of chemical action is change in com' 

fiosi'tiOH.* A bar of iron is the same in composition, whether hot or 

cold, luminous or non-luminous, magnetized or unmagnetized. But 

r,firhen it undergoes chemical action a new substance is formed which, 

h it contains iron, is entirely ditferent from it in composition and 

5 ihat of which Ihe sensible universe is composed. It is 
'itstruclibU. Substances may undergo many changes, assume a 
iricly of forms, and even become invisible gases. Yet in 
e of these changes and combinations can a particle of mailer be 
IXTeated or destroyed. J All matter has weight. By balances in the ■ 

• Experiment. — Meat pieces of plalinun 
while (he iilstinum is unaltered the magnesi 
white powder of magnesium oxide. 

j- EKpeiicoent Weighasmull porcelain crucible contaiDiag|iowdered ir 

Heat it, and i< ignites; when combustion is complete, weigh again, and note 
:Bse of weight and thai a new salislance is formed, which, though it ci 



Viberei 

T^2 



J Bxpedment. — Bum a piece of charcoal (carbon) in a jar of oxygen gas. 
(Fig. 1.) It disappears and, so Fat as we can judge hy Ibe senses of sight ond 
touch, is lost, for it has combined with the oxygen lo form an invisible gas. 
Add lime-wnlet and shake. The gas combines with the lime and forms a 
while precipitate, wliicli, if gathered and weighed, would exactly represcnl, 
besides the lime, the charcoal burned and the oxygen required to Wn it. 
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e get the apparent iveight of a body ; but to obtain II 
lute weight it must be weighed i] 
where there is no air to buoy it up. (For 
measures of weight, see table at back of book.) 
But of most imponance to the student of chem- 
istry is the specific weight or specific gravity, by 
which we mean the weight of a substance as 
compared to the weight of an equal volume of 
some other substance specified as a standard. 
The standard for solids and liquids is water; 
"or gases, air or hydrogen.* 
Matter exists in one of three states, solid, 
liquid, or gaseous. In the solid state the particles are held together 



• The specific gravity of solids is determined on the principle of Archimedes: 
A body immirud in a liquid displmes Us own volume, and loses -weight equal 
to the iBiight ef Ihe ligiiik displaced. Therefore, the weight a body loses when 
weighed in water, is the weight of i(s own volume of water and the Standitrd 
with which the weight of tijat body must be compnred, For example, suppose 




Loss (or weigbt of its volume of water) 
Specific gravity of the iron (150-=- 20) 



7-5 



In case the body is lighter than water, a sinlier is altacheii and the same 

method pursued, except that Ihe loss of weight of the siolter is also obtained 

separately and subtracted from the total loss to ascertain the loss of weight of 

the lighter Ijody. A body soluble la water may tie weighed in some liquid of 

known specific gravity in which it is insoluble; r. ^,, suppose a lumpof sugar 

_ IS 100 grains, and in turpentine 45.62 grains. Loss ^ 100 — 45.62 = 

54.38 grains, too -;- 54.38 =; I.84 as Ihe Sp. gr. referred to turpenline. 

Multiply this by .S7, the sp. gr. of ue lurpenlioe, and we get 1.6 

FiQ. 1. as the true sp. gr. of sugar. For liquids we use the sfieeifiir- 

■n gravity fiasi (Fig. 2), which is made and marlted to contain a 

M certain weight of water. Fill the flosli with the liquid to be in- 

^.^ vcsligated and weigh it. Deduct the weight of the flask and 

divide this result by the weight of water the flask will hold. In 

practice (he hydrometer is generally used. This is a hollow glass 

float with a graduated necli at its upper end, which indicates the 

specific gravity by the depth to which i< sinlis in the liijuid. The 

iirinometer [the illustration of the orioometer is in ^n III, on 

le] is a hydrometer whose scale is constructed to measure the nwcific 

gravity of urine. For very accurate measurements of specific gravity (he liqeidl. 

it be at the standard temperature, which in this country is Go° F. ^^H 
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SO rigidly as lo give the body a definite shape; while in the hqi 
state the attraction is so slight as to allow the particles to rnove freely 
upon each other and the body to take the shape of the vessel that 
contains it. In the gaseous state the mutual attraction of the parti- 
cles is entirely overcome, and their distance from each other depends 
upon the pressure to which the gas is subjected. The terra fluid is 
applied to anything capable of flowing, whether liquid or gaseous. 
It is highly probable that all substances, which are not decomposed 
by heat or coid, are capable of existing in all three states. Heat is 
absorbed and cold produced wherever the particles are to be driven 
farther apart, as in the passage of a substance from the solid to the 
liquid or from the liquid to the gaseous state. 

When the two solids, ice and common salt are mixed, they form a 
liquid, and great cold is produced.* Perspiration in evaporating 
assumes the gaseous state, and absorbs in the change so much heat 
that the body is kept at its normal temperature in spite of the hottest 
weaiher.t 

On the other hand, when a substance passes from a rarer to a 
denser state it gives out again the heat absorbed in its passage in the 
opposite direction. 

If we examine the infinite variety of substances upon our earth we 
find most of them are compounds, £. c, they can be decomposed into 
two or more other substances, distinct in their properties from the sub- 
stance from which they were derived and from each other. There 
are some substances which have never been decomposed. These are 
called ehmenls. Only seventy elements are at present known ; but, 
as our methods of investigation improve, this number may be increased 
by the discovery of other elements, or decreased by decomposing 
some of those now considered elements. Only about one-half of 
tbcK enter into the materia medica, and will be noticed in this 
work. 
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* Experiment. — Fold h'n-foil into the shape of n little dish ; add powdered 
ice nnd salt Spill water on the table and sel the dish in it. Nolo how quickly 
it i» frozen fast to Ihe table. 

t Experiment. — Put a lillle water in a. similar dish. Against the aides i 
boltom throw a spray of ether. Note that the eTsporation of the ether is 
T^Hd that the water is quickly rrozen. 
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Symbol 


Wrisht. 


».... 


Syntiol 


w=ieht. 


Aluminium, .... 


A! 






Mo 


•.6 


Antimony (Siibium), 


Sb 




Nickel, 






Arsenic 


As 






Nb 




Barium 


ha 




Nitrogen, 


N 




Beryllium 


Be 


9 


Norwegium, .... 


Nr 




IIISMUTH, 


Bi 










Boron, 


B 




OXVGEN, 







Bkomine, 


Br 


Ra 


Palladium, 


M 




Cadmium 


Cd 




Phosphorus 


P 




Qcsiura 


l> 






Pt 




Calcium, 


Ca 


40 


Potassium (Kallum), 


K 




CAkUON, 


C 




Rhodiam, 


Rh 






(> 




Rubidium 


Rb 




Chlorine, 


CI 




Ruthenium, 


Ka 






Cr 






Sm 




C011AI.T, 


Co 




Scandium 


Sc . 




Copper (Cupntm), . . 


Cu 


6,.4 


Selenium, 


So 


MM 


DidymiBin, 






SILICON 






Erbium, 


E 




Silver (Argenlum), . 


Ap 




FUIORINB, 


F 




Sodium (Natrium), . 


Na 




Gallium, 


c;a 




Strontium, .... 




S7.t 




Ge 




SULFHUR, 








Au 


"97 


Tantalum, 


Ta 






H 




Tellurium, 


Te 


12S 


Indium 


In 


«>3-4 


Thallium, 


Tl 


M4 




I 


127 




Th 


231 


Iridium, 


Ir 




Tin (_Stannum), . . . 


Sn 




Iron (FeiTum), . . . 


Fe 


■it' 


Tilanium 




50 


Lanthanum, .... 


La 




Tungsten, or Wolfram 




.84 


Lead (Plumbum), . . 




207 






240 




Li 




Vanadium, 








Me 




Ytterbium, 


Yb 


•73 


Manganese 


Mn 




Yttrium, 


V 




Mercury (Hydrargy 






Zinc, 




f.s 


""") 


_Ji8_ 


200 


Zirconium 




89.6 



To explain the laws governing chemical ph< 
old atontie theory* 
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iU take up the theories and laws, not in the order of their 
enunciation, but of their natural sequence, 

:d that matter Is composed ultimately of infinitely small 
particles called atoms ; that each element is composed of atoms, all 
of a certain size, weight, etc. Atoms do not exist alone, but in groups 
called molecules. In an element the molecule is composed of pairs 
of atoms of the same kind ; in compounds they consist of two or more 
atoms of different kinds. It has been determined that equal volumes 
of all substances in the gaseous state, and under like conditions, con- 
tain the same number of molecules. So a gallon of hydrogen gas 
and one of oxygen gas containing the same number of molecules, 
and those molecules consisting of pairs of atoms, must contain the 
same number of atoms. Furthermore, it is found that the gallon of 
oxygen is sixteen times as heavy as the gallon of hydrogen, ^o each 
oxygen atom must also be sixteen times as heavy as the hydrogen 
atom. Hydrogen being the lightest substance known, 
weight is taken as i, and consequently the atomic weight of oxygen 

The atomic weights of other elements are determined 
similar way. By " atomic weight " is not meant the absolute weight v 
{for that is not known), but the weight of the atom as com- \ 
pared to the hydrogen atom. The atomic weight of carbon is 12. 
If carbon combines with oxygen, atom for atom, the new substance 
(CO) resulting from that action will consist of molecules, in each of 
which the carbon will weigh 12 and the oxygen 16, and, as the whole 
composed of these molecules, the same proportion obtains 
throughout the new compound. So 12 is found to be the combining \ 
igAl of carbon, and 16 of oxygen. If, however, the combination ^ 
should occur in the proportion of one atom of carbon to two atoms of m 
oxygen, then each molecule must consist of 13 by weight of carbon H 
to 32 of oxygen, and that must be the proportion throughout the fl 
tire substance. i 

Between these two compounds no intermediate one can occur, for 
the carbon atom must take one or two, or more, oxygen atoms. 

take a fraction of one, for atoms are indivisible. Hence, ' 
deduce the following Law ; Substances combine in certain fixed pi 
portions (atomic weights), or in mvltiptes ^ these proportions. 

Symbols are abbreviations of the names of the elements. They 
msist of the initial letter of the Latin name; but if the 
several elements begin with the same letter, the single-letter symboEi 
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14 ESSENTIALS OF CHEMISTRY. 

iH reserved for the most common element, and for the others another 
letter is added. Thus, we have nine elements whose names begin 
with C ; the most common is carbon, whose symbol is C ; the others 
add other letters, as chlorine, CI ; cobalt, Co ; copper (cuprum), Cu, 
etc. The symbol indicates just one atom. When more than one 
atom is to be represented, the number is written just after and below 
the symbol, thus, C4. 

Ftfrmu/r/! are to molecules what symbols are to elements. They 
iti(lic;ite the kind and number of atoms composing the molecule. 
When 'more than one molecule is to be indicated, the number is 
placed in front of the formula, thus, 5H2O. A parenthesis inclos- 
inj; several symbols or formulae should be treated as a single symbol, 
thus, 2(NH4)aC03 = N4Hi6CsO«. 

An equation is a combination of formulae and algebraic signs to 
indicate a chemical reaction and its results. As no matter is ever 
lost or created in a reaction, the number of each kind of atoms before 
the equality sign must be the same as after it. 




Classification of the Elements. — The elements are usually 
divided into two great classes : (a) Melah, about fifty-five in number, 
essing a peculiar lustre, good conductors of heat and electricity, 
and whose oxides when combined witli water form bases ; {p) Non- 
VieCals, about fifteen in number, possessing little lustre, poor conduct- 
ors of heat and electricity, and whose oxides combine with water 
o form acids. A better c^issification, and the one we shall adopt, is 
the following, based upon chemical properties : — 

I. The Hydrogen and Oxygen Group. 
If. The Chlorine Group : Fluorine, Chlorine, Bromine, lodincj 
HI. The Sulphur Group: (Oxygen) Sulphur, Selenium, Tellu-| 
ium. I 

IV. The Nitrogen Group : Nitrogen, Phosphorus, Arsenic, An-3 
tiinony, Bismuth. 

V. The Carbon Group : Carbon, Silicon, Tin and Lead. 

VI. The Alkaline Group : Lithium, Ammoniuin, Sodium, Potas- 
sium, Rubiilium and Cicsium. 

VII, The Alkaline Earths Group: Magnesium, Calcium, 
Strontium, Barium. 

Vlli. Tlie Earths Group : Boron, Aluminium, Lanthanum. Ce- 
iutn, Didymium, etc, 
IX. The Zino Group: Zinc, Cadmium. 

X. The Iron Group; Chromium, Manganese, Iron, Cobalt, J 
Nickel. 

XE. The Copper Group: Copper, Mercury. 

Xll. The Silver Group : Silver, Cold, Platinum. 




I, Hydrogen and Oxygen Group. 

It hydrogen would be placed in Group I of [he 
metals and oxygen in the sulphur group. But we will consider ihcm 
in a group to themselves, because (a) of all the elements hydrogen ii 
taken as the standard for atomic weights, combining weights, valence, 
etc. ; (i) oxygen plays a most important r61e in chemistry, and its 
deportment with the other elements forms the basis of our classifi- 
cation ; (f) the chemistrj' of these two will best serve as an introduc- 
tion to the study of the other elements. 




HYDROGEN (H — i)oi:cun free in volcanoes, gas wells, etc. ; com- 
bined in water and all organized bodies. All acids are salts of 
hydrogen, fl-tpared \n various ways from its compounds,* the most 
convenient being to displace it from sulphuric acid by zinc, thus — 
H^SO, + Zn = ZqSO^ + H,. (I'ig. 3.) 

Physkal Properties. — Transparent, colorless, odorless, tasteless gas; 
the lightest substance known, fourteen and a half limes as light as 
air : hence used in balloons. Long suspected to be a metal, because 
it displaces metals in chemical compounds, forms alloys with certain 

* Experiment. — Bymeana of a wire gnuie spoon hold some sodium beneath 
the WBter aud under a cylinder. The hydrogen ga? liberated by the sodiqn 
&om the wntcr will rise in bubbles, (ill the cylinder, and displace the watCf J 
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, and conducts electricity. This was proved in 1877, whea| 
Pictet condensed it under great cold and enormous pressure in 
bluish metallic liquid. 

Chemicai Properties. — Hydrogen does not support ordinary o 
I buation or animal respiration. It burns in air with a pale but very 1 
I hot flame.'f With pure oxygen it forms the oxyhydrogen flame. J 
This is the hottest flame known, and a stick of lime held in it , 
with daizling brilliancy, forming the calcium or Drummond light. J 
Mixed with air or oxygen, it explodes violently on contact with {t| 
Spark .J 



—Sources. Most abundant of the elements, com- 
; air, eighl-ninths of water, one-half of the crust 

I of the earth, and three-fourths of all organized bodies. Prepared 

I most easily by heating potassium chlorate (Fig. 4) ; — 

KCIO, = KCl + O,. I 

"Experiment. — If an inverted jar of the gas is suddenly turned up, and a 
flame held b. Toot m two above, (he gas escaping from Che jar rises rapidly, and 
in coming in contact with the flame burns with a slight explosion. 

-t" Experimenl. — If a jar of the gas be held mouth down and a candle be 
passed up into it, the gas ignites and bums quietly at Ihe op«n end, whi 
candle passed up into Ibe gas is eilinguished, but may be relighted again 
Ihe burning gas as it is withdrawn. 

J Experiment. — Fill a bladder or rubber bag with two parts of hydi ^ 
: of oiiygcn or five of air. Attach a tube and blow up snap bubbles ii 
Touched widi a flame, they explode. 



tlhe bun 
I Ex 
BDdoni 
basin. 








If manganese dioxide (MnO.) be mixed with the chlorate, die gas 
s Uberated more quietly and at a lower temperature. The manga- 
e dioxide is unaltered in the reaction. It seems to act by its mere 
presence, an influence called catalysis. 

Physical Properties.— Gzs; liquefied (Pictet, 1877) by great cold and 
intense pressure; colorless, odorless, tasteless; 1.10 limes as heavy 
as air. Water dissolves only three volumes to the hundred, bul 
enough to sustain aquatic life. 

Chemical Properties. — Intense affinities ; combines with every 
element except fluorine. The product of its action is called an oxide, 
and the process oxidation. Oxidation so rapid as to produce heat 
and light is called combustion ; if no light, slow combustion. Sub- 
's that burn in air burn more brilliantly in oxygen,* and many 
substances that do not burn in air will burn in this gas.f By this 
property oxygen is usually recognized and 
distinguished from most other gases. Oxy- 
gen, especially in its dfluted form (air), is 
the great supporter of combustion, for which 
its abundance and universal presence emi- 
nently fit it. Combustible and supporter of 
combustion are only relative terms. When 
a combustible substance bums in a sup- 
porter of combustion the union is mutual, 
one being as much a party to the action as 
the other. A jet of air I or oxygen bums as 
jet of coal gas burns in air or oxygen. The 



•Experiment. — A bit of phosphorus, dried by preraing between fi 
blotting paper, is placed in & combustion spoon, ignited, and lowered int 
of oxygen. The combustion is so intense that the phosphorus volatili« 
its vapor bums throughout the jar with a biilliancy so dazzlmg that it is 
the " phosphorus sun." 

t Esperiment. — A watch-spring is wound into a spnal, tipped witl 
of tinder or a piece of yam dipped in sulphur. This is lighted and luwer 
a jar of oxygen. (Fig. 5.) The iron catches fire and buros with b 
scintillations, globules of melted iron (ailing and melting into the glass, 
the bottom be Covered with sand or water. 



t Experiment. — Secure an ordinary lamp chimney (Fig. 61 and a wide cork 
to fit its lower enii. I'ass through the cork a narrow lube (a) connected " 
rubber hose with the house gaEi, and a wiiier one opening 



lected bj^^^ 



I u ally called the liupporli 



ll 



Bione in greatest abundance is u 

Oxidising agents are compounds in which oxygen is held so feebly I 

■ It is readily given up to substances having greater affinity for it. 

Uses. — The process of respiration is a species of combustion, and,. 1 
s oxygen is the best supporter of combustion, it is tlie best (and only) I 
fsupporter of animal respiration. Admin- 
i capillary broncliitis, irdema 
glottidis, etc., when the patient cannot 
talccin a volume of air sufficient to supply 
the requisite amount of oxygen. 
Ozone. — If through a portion of air or 

■ oxygen electric sparks be passed,* a part 
t of the oxygen will acquire a pungent odor 
I and peculiar properties. The same change 
Bmay be induced by various chemical pro- 

'• S"- ^y mixing permanganate of 
I potassium and sulphuric acid, or when 
I'phosphorus partially covered with water 
l.is exposed to the air. This modified 
Loxygen is called osone. It is one and a 
^.half times as heavy as ordinary oxygen, 

s molecule contains three instead of 

atoms. Very energetic, oxidizing 

j-substances unaffected by ordinary oxy- 

Oxidizes potassium iodide with 

cai the coal gas and light it as il issues fromthe tube. The cork with the 
Same (not too la^e) is then inserted into the chimoey, where it conli 
bom, sufficienl air entering ihiongh the wide lube (r). Upon turning < 
gas the air is crowded out and the chimney lulled with coal gas. The gas Same 
disappears from the tube (a), and an air fiame appears upon the tube (r) as the 
enleriDg air bums in the atmosphere of coal gas. The excess of coal gas may 
also be lighted as it escapes, showing a gas flame above and an air flame within 
the chimney. On lessening the flow of gas the air will again be in excess, and 
the flame again appear on the narrow tube {a). In the gas i1ame above the 
lamp chimney (Fig. 6) heat some potassium chlorate in a combustion spoon 
until it melts and oiygen begins to bubble up. Then lower it into the atmos- 
phere of coal gas within the chimney. The escaping oxygen bums brilliantly, 
the coal gas being the supporter of the combustioi 

•Siemens' apparatus for ozoning onygen (Fig. 7) consists of two tulies, the 
inner surface of the inner and the outer surface of the outer lube being coated 
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liberation of iodine, hence its test: paper dipped in a solution of 
potassium iodide and starch is colored blue in the presence of ozone.* 
Ozone is found in the air, especially after thunder-storms, and when 
present in considerable amount (as much as .00005 P^f cent.) is apt 
rritate the respiratory tract; but by oxidizing infecting germs, etc., 
it prevents the spread of infectious diseases. 

Compounds of Hydrogen with Oxygen.— Two : 
hydrogen ox 
water, HjOj. 

Water {H,0) 
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Water is the greatesl of all solvents. The watery solution of a 
,ed substance is called a " Uquor," and of a volatile substance an 

One body is said to dissolve in another when they iioalesce and their 
.particles intimately mingle. This is possible only in the liquid and 
■jpseous states. When a substance dissolves it takes on the physical 
state of the solvent, e.g., a solid or gas dissolving in water becomes a 
liquid and then mixes with the water, the gas elevating the temperature 
and the solid lowering it. Heat assisting the 
liquefaction of a solid, and opposing that of a Fig. s, 

gas, hastens the solution of the one and retards 
^hat of the other. Most solid substances when 
lieparating from a solution take with them, as 
B necessary part of the crystal, a certain definite 
water — water of cry stallizalion. This 
water does not modify the chemical nature of 
the substance, but is necessary for maintaining 
■|he crystalline form. If the crystal loses its 
Iter of cry stalli nation by heat or exposure, it 
into an amorphous powder. Some 
s when exposed absorb water from the 
and deliquesce (melt down). 

Chemical Prcperiies.— The chemical composition of water may be 
)ved by (syniAesis) combining its constituents (Hj + O = HjO) * or 
by {analysis) passing the galvanic current through water until it is 
decomposed into its component gases (HjO = H, -|- O). f Neutral' in 
rea.Ction ; combines with the o.xides of the metals lo form hydrates 
(bases), and with the oxides of the non-metals to form acids. 
Natural waters are never pure. The nature of the impurities in 




to potassium io<h(1e and -ft arch -water. Hold a hot g 
the ether will undei^o slow combustion, producing 
the litmus, and ozone which blues the other paper. 



e of oxygen exploded ii 



• A mijitore of two volumes of hydn^ 
eudiometer (Fig. g), produces only watei 

I Fill the apparatus shown in Fi<;. lo with water acidulated with sulphuric 
acid. Cooneet with a battery. The electricity passing through the water 
:1o two volumes of hjnlrogen which collects in one tube and 
ic of oxygen in the other. 
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water depends on ihe condition of ihe atmosphere Ihroiigli "kB 
has fallen as rain, and the nature of the geological strata through o 
over which H has passed, for water dissolves something from almost 
everything it touches. Good, potable (drinkable) water should be cool, 
dear and odoriesa. It should contain just enough dissolved gases 
and solids to give it an agreeable taste, neither flat, salty, nor sweetish ; 
d should dissolve soap without forming a curd. Water impregnated 
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cannot exist. This is easily done thus: (1) Half (ill a dean bottle 
with the water, warm, agitate, and critically smell it. A foul odor 
indicates organic impurity. (2) Fill a clean pint bottle three-fourths 
full, add a teaspoonful of the purest white sugar or gelatin ; set aside 
in a warm place for two days, when, if it becomes cloudy (bacteria), 
it is unfit to use. These rough-and-ready tests are those best suited 
to the practitioner, the more exact methods being practicable only to 
the chemist. 

To purify natural waters, they may be boiled to kill living organ- 
isms, and filtered to remove suspended matters ; but for chemical 




desired, they are distilled* {aqua 



purposes, where great purity i 
a<;sli/lala. U. S. P.). 

Mineral waters are those possessing special therapeutic value. 
They may be classed as follows : — 

t. Carbonated, those charged with carbonic add. 

•When a litjuid is rapidly yaporiied, and the vapor, passing ihrongh a 

, older vessel, ia recondensed, the process is caJled distillalioH (Fig. 11). If 

Htaolid be similarly treated il is called suilimalioH. When water conlaining 

*'d tnuter in solution is distilled, the solids remain in the vessel, while the 

M over, enabling as to obtain perfectly pure water. When a mixture 

__ . more liquids is healed, the One having the lowest boiling-point 

Kffiltills l^rsl, leaving the others behind. This is caUed frac/wua/ ilislillaliBn. 
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2. Sulphur, containing H..S or some soluble sulphidf 

3. Alkaline, containing alkaline salts of potassiui 
lithium. 

4. Saline, containing neutral salts. 

5. Chalybeate, containing iron. 

6. Thermal, or hot waters. 

HvDROfiEN Dioxide — Oxygenated ff-ii/er (H,0,). — Prepared most 
easily diluted by passing COi through water holding barium dioxide 
in suspension. 

BaO, 4- CO, + H,0 = BaCO, + H,0,. 

The BaCOj may be allowed to subside and the clear solution poured 
off. 

Properties. — When concentrated it is a colorless, syrupy liquid, with 
a pungent odor and taste — ^prone to decompose into H;0 + O. | 

Usetl to bleach * the hair and skin, converting brunettes into 
blondes; as a disinfectant to ulcers, oz^na, and in diphtheria, espe- 
cially when the membrane has invaded the nose ; also as a lest for 
pus in urine, with which it causes an effervescence. ' 

The so-called " ozonized ether " used in the guaiacum test for blood 
is a mixture of hydrogen peroxide and ether. 

RADICALS. — Every molecule is composed of two parts, called 

radicals, held together by chemical affinity. Both radicals may be 1 
elements, as in H — CI, or one may be elementary and the other 

compound, as H — NOa, or both compound, as NHi — NOj. Some 1 

compound radicals can be isolated, e, g, by heat. Hg — CN =^ Hg J 

-]-CN. Others decompose whenever set free. Whenever a gal- | 

vanic current is passed through a compound, the chemical affinity | 

is overcome by the electricity, and the molecule separates into its | 
two radicals, one of which goes to the positive and the other to the 

negative polc.f Unlike electrical conditions attract, so the radical ( 

* Experiment. — Secure an old oil painting darkened with ^e, at tike ' 
paper dipped in lead acetate and blackened by hydrc^en sulphide ; wasb it I 
with hydrc^cn dioKide, and the dark slain will lie made white by the lead sul- 
phide being oxidized into sulphate. 

i" Expert me nt.^Inlo a jar put come water ; odd solutions of red litmtu, 
potassium iodide, and boiled starch; connect with the galvanic balleiy. The J 
electric current decomposes the polassium iodide into iodine, which gatbos M 
the positive pole, producing a blue color, wilh the starch, and potaisi 
the n^alive, where it produces alkali, turning the red lilmi" ""' " 
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going to [he negative pole must be eUclro-positive, and the one goipg~ 
to the positive pole dectro-negative. The metallic radicals are usually 
electro-positive and the non-metallic electro-negative. 

Some radicals are more intensely electro -negative or electro- positive 
than others. In the following list the more common elements are n 
arranged that each is usually positive to those following it and neg 
those preceding : — 



: + K, Na, Mg. Zn, Fe, Al, Fb, Sn, Bi, Cu, Ag, Hg, 

Ft, Au, H, Sb, As, C, P, S, N, I, Br, Q, F, O— Negative 



I 



A radical is electro-positive or electro-negative only In its relating 
'toother radicals ; for, while C is positive to O, it is negative to 

In forinulffi the electro-positive radical is written first and thi 
electro-negative next. 

The greater the difference between the electrical condition of two 
radicals, the greater the energy with which they unite and the more 
stable the product, and, -vice versa; e. g., has a strong affinity for K, 
a. weak one for CI, and will not unite with F under any c 
-Stances. An idea once prevailed that the relations of Sflinitie 
fixed and constant between the same substances, and great painj 
were taken to construct tables similar to the above to show what » 
called the "precedence of chemical affinities," These tables showed 
the order of affinities for the circumstances under which the expenS 
ments were made, and nothing else. 

The circumstances attending chemical reactions are so complicated 
that in the greater number of cases it is impossible to predict the pre 
ccdence of affinities and the result of an untried experiment. 

Among these modifying causes may be mentioned ; — 
\ 1. Temperature, changes of which often reverse chemical affinitieg 
'■Moderately heated, mercury and OKygen will readily combine, 1 
when highly heated their affinity is destroyed, and they will refuse h 
unite, or, if already combined, will separate. 

Ordinarily free carbon has no affinity for oxygen, but at high tem- 
peratures it surpasses all other elements in its greediness for that 
substance, even taking it from a metal so extremely electro-positirAj 
as potassium. 

1. Volatility. — Whenever in a mixture of two or more substances ^ 
is possible, by a rearraageiiUHt of the radicals, la form a co 
3 
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1/oJaiile at Ike temperature of the experiment, such rearratigOHi 
occur and the volatile compound be formed. For example ; — 

Fe S + H, SO, = Fe SO, + H, S ; o 

2 Nil, CI + Ca COj = (NH,),C03 -[- Ca CI,; 

H,BOj + 3 Na a = 3 H a + Na, BOj 

3. Insolubility. — Whenever, on mixing two or more substancet j 
solution, it is possible, by rearrangement of the radicals, to fan 
insoluble compound, thai rearrangement viill occur and the insoluble 
compound be formed as a precipitate. For example : — 

Ca C\ + (NH,), CO, = Ca CO, + 2 NH, CI. 

It is especially important to remember this law, for its application in 
tests, incompatibilities, and antidotes. 

4. Nascent State. — Ordinarily the atoms of an element are groujjed 
in pairs, and hence somewhat indifferent to the attractions of other 
atoms ; but just as they are being liberated (born) from a compound 
they are alone. Each atom, having no fellow, readily enters into 
combination with any atom it meets. This state is called nascent 
(nasci, to be born). 

J. Catalysis. — ^This is the name given to the unexplained influence 
exerted by some substances of inducing chemical reactions between 
other substances without itself undergoing any change. 

The valence of a radical is its combining value, or its value in ex- 
change for other radicals." Here again hydrogen is taken as the 
•itandard. A radical that combines with or takes the place of one 
atom of hydrogen is said to be univalent (one valued); of two atoms, 
bivalent; three, trivalent; four, quadrivalent; five, quinquivalent ; 
lU, uxivalent. The valence is indicated by a Roman numeral just 
above and after the radical, thus : (NH,'), Ca", (PO,)'", Si", As'', S". 
1'lie two radicals of every saturated compound must possess an equal 
nunibfir of unsatisfied valences. Hence, 

111 111*1 ihe radical CI is equivalent! 

In lljO ihc radical O is equivalent t( 

In NH, the radical N is equivalent t( 

In CH( Ihe radical C is equivalent to 
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Tierefore CI is univalent, O bivalent, N trivalent, and C quadriva- 

The same regard for valence is observed when radicals are made 
to displace each other, thus : H',(SO,)" requires two atoms of K' or 

le of Zn" to form KySO,}" or Zn"(SO;)". 

Some elements exercise more than one valence : e.g., mercury may 
be univalent, as in Hgl, or bivalent, as in Hglj ; or iron may be biva- 
lent, as in FeCli, or the double atom (Fe,) sexivalent, as in Fe,Cl,. 
ermination "ous" is given to those compounds in which the 
||K>silive element exercises its lower valence, and " ic" to those in 
■which the higher valence is exercised, as, FeCl,, ferrous chloride ; and 
J'CCI.. ferric chloride. 

In the following table the most commonly occurring simple or ele- 
iinentary ra.dicals are arranged according to their valence ; — 

Table of Valence. 



1 


i> 


„■ 


.V 


V 


„ 


p a 


Ba,Sr 

Cb, Mg_... 
Cd. Zn 


Al _ 


c,si„ 


N,P- 

Bi, Sb, Ab.. 










B.Ab- 

k,Na; 

tNH.). Li _ 

Ch.He 




I*,Sn 




N,P" 

Bi,Sb,As.. 




Pb,Sn 

S. Se 

Fe,Cr 

Mn, Co„... 


■'«,,&■ 
Mn„Co. 


ai,Hg_.., 





The next table.shows the valences, together with the symbols and J 
formuhe, of the most common electro-negative (acidulous) radicals ■—% 
CI is the negative fodical of all chlorides. 
Br is the negative radical of all bromides. 
I is the negative radicol of all iodides. 
CN is the negative radical of all cyaoides. 
HO is the negative radical of all hydiales. 
NO, is the negative radical or all nitralej. 
CIO, is the negative radical oF all chlorates. 
C,H,0, is the negative radical of all acctnles (Ac). 



O is the negative radical of all oxides. 
S is Ibe negBLive radical o[ all sulpliides. 
SO, is the n^BtiTe radical of all sulphites. 
SO, is the negali'C radical of all sulphates. 
COj is the n^ative radical of aH carbonates. 
C^O, is the negative radical of all oxalates (Ox.). 
CjH.O, is the negative radical of all tartrates (T.). 
CgHjO, is the negnlive radical of all citrates (d.). 
PC, is the negative radical of all phosphates. 
BO, is the negative radical of all borates. 

The student should learn these tables thoroughly, for wilh ti 

can easily know the formnlKof all the principal inorganic and o; 

I compounds. 




II. The Chlorine Group. 



Fluorine, 


Fluor spar, 


Chlorine, 


X'^l'^t, green 


Bromine, 


B)i(J/iof , stink. 


Iodine, 


l^TK, violet, 



I, 

The members of this group are all univalent and much alike in 

their sources and physical and chemical properties. They differ in 

I degree rather than in kind, forming a graded series. Hence we will 

r consider ihem all together. 
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Sources. — Never free in nature. Tlie principal source of flue 
irspar (CaFj), while compounds of chlorine, bromine and io 
|:Bre abundant in sea and other salt waters. 

ryeparation. — Free fluorine is obtained only with great difficulty; 1 
Ijhe others may be prepared by removing the hydrogen from their ] 
■.hydrogen salts (hydracids) by means of oxygen derived from manga- 
■ttese dioxide, thus; — 

4Ha + MnO, = MnCl, + 2H,0 + Q^,* 
4HBr + MnO, = MiiBf, -|- zH,0 + Br,. 
4.HI +MnOj = MnT, + 2H,0 + I^. 

Pkyncal Propeyties. — Fluorine is a colorless gas, with properties I 
ibling chlorine, but more intense. Chlorine is a very irritating ^ 
yellowish -green gas, two and a half times as heavy as air, slightly 
soluble in water (three volumes), forming "Aqua chlori, U. S. " 
Bromine is a red liquid, giving off red vapors of a disagreeable, 
irritating odor; very slightly soluble in water. 

Iodine is a solid, in bluish-gray scales, which, when warmed, give • 
iff violet vapors; insoluble in water except by the intervention of an I 
.aline iodide ; f soluble in alcohol ; irritating, even caustic. _, 

Chfmical Properties. — Intensely electro-negative; great affinity for 
the metals,! especially hydrogen. f In negativeness, and conse- 
quently in affinity for the metals, F is greatest. CI next, Br ne.'it, 
,-and I least. Tiierefore, in compounds with the metals, F iCill displac 



P * Experiment. — Into a flask slandiog in a cup of sand over a healer (Fig. | 
'' 13) pour levetal oimces of bydrocbloric acid and half as much black oxide 
nunganese, and ngilate. Ilie gas passes out, and, being heavier ihiui a 
COllectB in the bottle, where its ye Ilo wish-green color makes it visible. 



t Experiment. — 
>it does not dissolve 
L«Buly. 

1 Experiment. — Into a jar of chlo 



{ Experiment. — (o) Into a J! 

' gen of the lallow burns in 1 

e carbon is liberated as smo 

dipped in warm turpenline. 



cously and bums, evolv- 
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CI, ami C"l will displace Hr, and either F, CI, or Br will displace I.* 
These elements destroy colorinj; matters and noxious effluvia in two 
ways: (i) by abstracting their hydrogen; (2) by abstracting the 
hydroj^en of water, setting free nascent oxygen, which oxidizes the 
matters in question.!. 

Mt'dicai. — Chlorine gas and bromine vapor are used for disinfec- 
tion. Inhaled they cause severe cor^'za and bronchitis. Taken into 
the stomach, bromine and iodine cause gastro -enteritis. The antidote 
is boiled starch. Locally bromine is used as an escharotic and iodine 
as a counter-irritant. 

Pharmaceutical. — The following preparations are officinal : Tinc- 
iura lodi (5J-OJ); and Uquor lodi Compositus (Lugol's Solution) 
(Iodine ,^vj, potassium iodide g^ss, and water Oj.) The so-called 
colorless tincture of iodine is made by adding ammoijia-water'to the 
tincture until it is decolorized by converting the iodine into ammo- 
nium iodide. 

Tests. — In the free state chlorine and bromine may be known by 
their bleaching, color, odor, etc. Iodine is recognized by the blue 
color it strikes with starch. 

Note. — Acids. — All acids have, as their (positive) basylous radical, 
hydrogen, which may be replaced by metals to form salts. They may 
generally be recognized by a sour taste and the property of turning 
vegetable blues {e.g., litmus or purple cabbage) to reds. Acids whose 
acidulous (negative) radicals contain oxygen are called oxacids; 
those containing no oxygen, hydracids. The members of the chlo- 
rine group form both classes of acids. 



* Experiment. — Take two large test-tubes half full of water. Into one put 
a grain of potassium bromide, into the other potassium iodide ; add chlorine- 
water to each. The chlorine will liberate the bromine in one and the iodine 
in the other. This may be shown {a) by their color ; {b) by adding a few 
drops of carbon bisulphide or chloroform, which on agitation will gather all 
the free bromine and iodine, and be colored brown with the one and violet 
with the other ; [c) add a few drops of starch- water, which will give brown 
with bromine and a deep blue with iodine. 

f Experiment. — {a) Into one bottle of chlorine gas introduce a piece of 
dry calico, into another a moist piece. The moist calico is rapidly bleached, 
while the dry is but slowly affected, (b) To a solution of indigo, cochineal, 
or some aniline color add chlorine- water. It is immediately decolorized. 




Prepared by treating the appropriate salt with HaSO^, thus :— 
CaFj 4- HjSO, = CaSOj + 2HF. 
aNsQ + HiSO, = Na,SO, + zHCl-t 
2KBr + HjSOi = KjSOi + iHBr. 
iKl +H,S0, = K,S04 +2Hr.* 

• Binary compounds— i. f., those of only Iwo elements — are named by call- 
ing first the name of tbe positive and Ihen lliat of the negalive radical, affixing J 
lo the latter the leimination " idi." 

t Experiment. — To prepare hydrochloric acid gas, put several ounc 
common salt and about twice as much sulphuric acid inio a fliEk, and w 
Tbe gas comes dlf in abundance and may be collected in a dry bottle (like 
chlorine. Fig. 12). or over mercury. The solution of the gas (the ordinary 
form) is obtained by passing the gas through a series of Wolff bottles cO" ■-'- 
ing cold water and arranged as shown in Fig. 13. 
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Physical Properties.— CaXaiXs^s,, irritating gases ; sharp;^ 
very soluble, water dissolving several hundred times its own volume, 
forming aqua known by the simple name o£ the acid itself, thus ; The 
officinal "hydrochloric acid" is a solution of the hydrochloric acid 
gas in water. 

Chemical Properlies. — Strong acids ; true acids even without 

Uses. — AT/" attacks silicon energetically, hence is used to etch glass ; 
very poisonous, and burns made by it heal with difficulty. 

HCl is very useful in the arts. Aqua regia, or nitro-muriatic acid, 
is 3 mixture of nitric and hydrochloric acids. It is the only solvent 
of gold and platinum, "^'he metals are attacked by the nascent 
chlorine evolved by the oxidation of the H of the HCl by the O of the 
HNOj. In medicine HCl is often prescribed as a tonic. 

HBr, like all bromides, is a sedative. * HI, like all iodides, is an 

r«/i.— Fluoride + H^SO,— etches glass.* 

Chloride + AgNOa — ^white precipitate, soluble in ammonia. 

Bromide + AgNO, — yellowish- white precipitate, slightly soluble in 



Iodide + AgNOj — yellow precipitate, insoluble ii 

If to a bromide or iodide some chlorine- water and starch paste be 
added, the bromine and iodine will be liberated, the bromine striking 
a brown and the latter a blue color with the starch. 

Oxacids are formed by oxides of non-metals combining with water. 
The elements of the chlorine group, being very negative, have but 
little affinity for oxygen. Iodine has most, bromine less, chlorine still 
less, and fluorine will not unite widi oxygen at all. 

Chlorine, bromine, and iodine each forms a series of oxides per- 
fectly analogous, so we will notice only those of one — chlorine. 

The several oxides are distinguished by prefixes derived from the 



• EKperiment. — On a plate ef glass coaled with wa.>; or copper-plale var- 
nish (six parts of mastic, one of asphalt, and one of was dissolved in turpen- 
tine) draw a design with a pointed instrument. Invert over a. lead dtsh and 
warm gently. Hydrofluoric acid gas is evolved and attacks ihe glass wherever 
the wax has been scratched off. Upon removingthe wax the design is fiwaA I 
permanently dched on the gla.'is. 



PART r. — INORGANIC CHEMISTRV. 

^eek numerals indicating tlie number of oxygen atoms in the lor- I 
^nula, thus : — 

Gfi- — Chlorine MonoKide. 
•^'jO, (?)— Chlorine Dioxide, 
a,0, — Chlorine Trioiide. 
CljOj— Chlorine Tetroxide, 
0,0,— Chlorine Pentoitide. 
a jO,— Chlorine Heploiidc. 

These oxides combining with water form the corrcs|iDnclinK acids, ] 
hus:— 
a,0 + H,0 = 2HCIO —Hydrogen Hypochlorile— Ilypocliloraiis acid. 
C1,0, + H,0 = aHQOj— Hydrogen Chloride— Chlora us scid. 
C1,0, -I- H,0 - 3HCIO,— Hydrogen Chlorate— Chloric acid. 
a,Oy -f HjO = 2HC10 4— Hydrogen PercUorale— Perchloric ncid. 

Note. — Tifcr namts of oxaciih an derivtd fram the tugatlvc tlenienl othil' 1 
ytkan oiygiH, and to this ceilain affixts and prtfizes are adJeii to inditiiU Iht \ 
t ef exidation. The one amtaining mere oxygen hai Ike affix "-«>," litt\ 
n, " -out" If there is in the same series another atid ■with more exygem ■% 
m t/se" -ic," His given the prefix'^ per-;" if less than the " -oui," lhffrf-9 
'"hy-pt-" (under). Acids ending in " -ic" farm salts ending in " -ale ;" I 
those ending in "-ous" form salts ending in '•■iter The foregting chlorlnt tm 
odds illnslrate this. f 

All these oxides, as well as th«r corresponding acidii, are easiljr 1 
decomposed, sometimes with CKplosion : hence much used as oxidis* 1 
ing agents* and as explosive mixiures.f The most important of iheae I 
salts is potassium chlorate, used in medicine and in the Uborai/T)' I 
for the sake of its oxygen. 

< Bxperimenl, — Their oxidulng adioo on comUuUUv B*ji be Aowo Lfrf 1 
{a) Mix together n diachm eadi Oi iMwdefcd ^Mamai* dihtau mni mt^i J 
place on ■ brick and loocfa ofi with a glasi rod &pfsA 'at fttlplHuic Mi4. A '] 
T^orous combostian occois. (h\ Drop Kme Oiyiuit of j-f-rf"™ ddtnU J 
into a conical glass rd cater; add seveiBl LiiU of (ilwMiKnM; ilw* fcy «WWM ] 
of a pipeite in^odnce suljiliBtic acid U I he IxttMB M the (b«. 'Tmi finmt ' 
phortis takei Grc and bona al the eipecsc of Che oa^geu tA i)m fiOUMUHB 
chlorate. 1 

f Esperiment. — Hii on a ^heet of jiii|iet D tcruf^ ~ ^^^^^^ 

chlorate and five giaine oS iiome cumlmalilik )iow ^^^^^^^^au 

nlpliide, or tannin. Wrafi i1 tip m the liapo-, iilatf ^^^^^^^Hl 

^Egrith a faanmei. ll eipltKies violeiuly ^^^H 



» 
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Physical /Vo/cT-ftVj.— Colorless gas,-having the ndor of 
or intestinal flatus ; slightly soluble in water. 

Chemical I^opertits.—Vety feeble acid ; buins with pale blue 

H,S + O, = SO, -I- H,0.» 

Forms characteristic precipitates with most inetallic salts, hence a 
valuable test reagent-t 

Tests, — The presence of HjS even in minute quantities may be 
detected by its odor, and by its blackening paper moistened with a 
solution of lead 




Physiological.— 'Whtn inhaled H^S is an active poison, c 
with the hemoglobulm. and destroying its oxygen-carrying power. 
Even when highly diluted, as in the atmosphere of city dwellings. 



* Experiment.— Bum tlie gas from a JEt : (a) Hold near the llamc a glais 
rod dipped in ammonia; white crystals of ammonium sulphile are ronoed. 
(*) Hold a cold, dry bell glass over the fiarac ; it is bedewed with water. 

-j- Esperimenl. — To show the action of II,S on inetallic sells, connect 
several wash botdes with the generator A, as shown in Fig. l6. A dilute sohi- 
lioD of lead acelste is put in B, of tartar emetic (antimony) In C, of arsenic in D. 
of ^inc sulphate in E, The gas in passing precipitates lead sulphide (bUck) 
b B, antimonious sulphide (orange) in C, arsenious sulphide (yellow) in S, 
"he sulphide (while) in E. 
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clumsily " filled wiih the modem conveniences," it produces a low 
febrile condition. When concentrated, or even moderately diluted 
(one per cent, and over), the gas proves rapidly falal. 

Treatment. — Fresh air, artificial respiration, and stimulation. 

Carbon Disvlphide— CSi.—Obtained by bringing S into contact 
with heated charcoal. A colorless, volatile liquid of a fetid odor, 
;ss it is very pure. A valuable solvent for S, P, intiia- rubber, etc. 




Sulphur Oxides and Acids. 

Moxide— SO, + 11,0 = H,SO,-Snlplninms acid. 
Trioiide— SO, -\- n,0 = H,SO,— Sulphuric acid. 

Sulphur Dioxide, SOa, occurs whenever sulphur or any of its 
compounds arc burned in air or oxygen. 

Prepared in laboratory by decomposing ^sulphuric acid by copper ■ 
or charcoal, thus: — 

21 i^SO. + Cu = CuSO, + 2H,0 + SO^. 
2H^S0, -fC = zSOj -f- COj -f 2H,0. 

Phyakal Profiertiei. — A colorless gas, with a suffocating odor 
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latches) ; dissolves m water to form 



us add I 



(of burning matches) ; dissolves in water to form sulphui 
(H^SO.). 

Chemical Properlies. — Neither bums nor supports combustion ; a 
strong deoxidizer ; by removing O from coloring matters and infecting 
genns it bleaches* and disinfects. 

Ihirs. — Sulphur dioxide, sulphurous acid, and the sulphites possess 
the property of destroying microorganisms and arresting fermenta- 

ns. A sulphite digested with sulphur forms a hyposulphite, thus: — 
Na,SO, + S = Na,S,Oj. 

Sodium hyposulphite has the same uses as the sulphites, and is also 
a valuable solvent of the silver salts in photography. 

Sulphur Tkioxide, SOj. — Made by oxidizing SO, in the manu- 
facture of sulphuric acid. This is done upon a large scale by passing 
SO, from burning sulphur into a chamber kept filled with vapor of 
ic acid, steam and air. f The nitric acid gives up a part of its 
oxygen to oxidize a portion of the SO, to SO,. 



2HNO, + 3S0j = 3SOj 4- H,0 + N,0,. 



The SOj then combines with the water thus produced (SO» -|- 
^ H,SO,), and more water is supplied by a jet of steam thrown 
stantly into the chamber. 

The N,Oi has the power of taking up oxygen from the air and be- 
coming NjO,, 

N,0, + O, = N,0„ 



ral^^l 






parts with this oxygen to oxidize a r 
N,0, + 2SO, = N,0, + 2SO,. 
Thus the process is kept up as long as the SOj, f 



*■ quantity of SOi- 



* Experiment.— Some sulphur is ignittd beneath tripod on which TrMih 
flowers are placed, and [he whole covered by a bell-glass. The Howeis are 
bleached. The color may be restored by washing with some dilute alkali or 
add that will combine with 01 displace the SO,, or with very dilute aitric acid, 
which will restore ihe oiygen removed by the SO,, 

■f The manufacture of sulphuric acid may be illustrated on the leclurc table 
by the apparatus shown in Fig. 17. The lead chamber is represented by a 
large flask. Into this are led (a) N,0, from the flask on the right; (i) SO, 
fivai a mixlare of salphar and manganese dioxide In the flask in the rearj 
(ir) steam from the olbet flask, and [d) a'li or osy^eii taoiv^'ti vVie Q^ien lubes. 
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are supplied. The acid condenses with the water upon the floor of 
the chamber, and is drawn off, concentrated, and sold a 

Sulphuric Acid— H^SO,— " Oil of Vilriol." 

Physical Properties. — A dense, colorless, oily-looking liquid, with- 

Chemical Properties. — Strong acid ; very avid of water, not only 

wUsolving in it, hut combining with it, the act evolving considerable 

; chars organic matters by abstracting H and O to form water.* 




vith- I 



Uses.—So important in the arts that Ihc commercial prosperity of a 
country may be measured by the amount of HjSO, consumed. Prop- 
erly diluted, it is a refrigerant tonic, but concentrated it is a se^ 



I 



Tests. — (i) The concentrated acid, if placed on a piece of paper o 
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Other organic material, will char it. If dilute, it will char the paper 
only after being warmed and concentrated by the evaporation of its 
water. (2) Sulphuric acid, or any other sulphate, will form with a 
solution of a barium salt a white precipitate (BaS04) insoluble in nitric 
or hydrochloric acid. 

4 

IV. Nitrogen Group. 

Nitrogen, N 14 

Phosphorus, P 31 

Arsenic, As 75 

Antimony (Stibium), Sb 122 

Bismuth, . . . .' Bi 210 

Trivalent and Quinquivalent — This group, as shown below, forms 
a graded series from nitrogen and the negative to bismuth at the 
positive end : — 

N P As Sb Bi 

14 31 75 122 210 

Sp. gr. 1.83. Sp. gr. 5.67. Sp. gr. 6.7. Sp. gr. 9.8. 

Gas, with full A soft solid. Solid. Hard solid. Very hard solid, 

negative ten- Non-volatil- 

dencies. Easily volatiliz- Volatilizable. Difficultly vola- izable. 

able. tilizable. Full metallic lus- 

Destitute of me- Some metallic Great metallic tre. 

tallic lustre. lustre. lustre. Full positive ten- 
Negative ten* Both negative More positive dencies. 
dencies. and positive tendencies. 

tendencies. 

The following w^J exhibit the relations of some of the most import- 
ant compounds : — 

Hydrides. Chlorides. Oxides. Sulphides. 

I * N / * \ t * \ 

-oui. -ic. -ous. -ic. 'ous. -tc. 

NH3 NCI3, . . N2O3, N2O5 

PH3 PCI3, PClg PA, PPs P^Sj. P2S5 

ASH3 AsClg, AsClj As5,03, AsjOj As^Sj, As^Sg 

SbH3 SbClg, SbClg SbaOj, Sbp^ ^h^% Sb^Sg 

BiCl3, . . Bi203, BijOij • • . ■ 

NITROGEN occurs uncombined in the atmosphere ; combined in 
some mineral and in all vegetable and animal bodies, especially in the 
more highly organized tissues. 
jy<^j^ar^if most easily by burning phosphorus in a confined space 



iMiSTRV. 41 

until the oxygen is removed from the air.* Prepared in this way it 
contains small quantities of other gases found in air. To prepare 
it pure, heat ammonium nitrite (NH.NO, - aH^ + N,). 

Physical Properties. — A colorless, tasteless, odorless gas, a. little 
lighter than air. 

Chemit-al Properties. — Little tendency to combine with other ele- 
ments, and its compounds, once formed, are very prone to decom- 




t decomposition 'I' or gradual putrefaction; 
supporter of combustion ; negatively poison- 



The Atmospheke.— Air.J considered by the ancients c 



* Experiment. — A flat piece of cork floaling on water supports a capsule 
containing a bit of phosphorus carefully dried. This is ignited and immedi- 
ately covered with a bell jar. Ihe jar is tilled srith a dense while cloud from 
the combustion, which ceases only when [he OKygen is all consumed. At tiisl 
ihe air expands and some may be forced out. Upon cooling the water rises to 
lake the place of the oxygen, and Ihe white fumes gp'adaally dissolve In tbe 
water, and the nitrogeji is left clear and comparatively pure. 

-j- Experiment. — To tincture of iodine add excess of ammonia water. Filler 
to separate iLe precipitated iodide of nilrogen. Put portions of this on sepaiate 
bits of paper and set aside. When dry they explode on the slighleat touch. 

t Proofs that air is a mixture; (i) Its constituents are not in atomic pro- 
portions; (z) nir can be nude by mechanically mixing the gases; (3) soWenW 
mav remove one gas without affecting Ihe others, each dissolving according to 
n soJubihly. 
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four elements, is neither an element nor a compound. It is a mixture" 
mainly of nitrogen and oxygen, the function of the former being to dilute 
the latter. Miller gives the average composition of air as follows : — 



Nitrogen 77.9S 

Oi^en, 20.61 

Carbon dioxide 

Aqueous vapor 1.40 i 

Also traces of nitric acid, ammonia, sodium chloride, ozon^, t 
bacteria, germs, etc. In the neighborhood of large cities vat 
substances are poured into the air from manufactories. Yet, owing to 
the rapid diffusion of gases, the composition of the air is almost the 

IValery Vapor. — The higher the temperature the more water air 
will hold. A warm, dry air, when cooled, will appear damp, and the 
temperature at which it begins to deposit its water is its dew-paiitt. A 
cold, damp air, when heated, becomes capable of holding more water, 
and appears dry ; hence the necessity of supplying water to the heated 
air of our rooms in winter, especially in cases of bronchitis or catarrhal 
croup. Even in health a very dry air irritates the air-passages, pro- 
duces dryjiess of the skin and malaise ; while a very moist atmos- 
phere retards evaporation from the skin and lungs, raises the body 
temperature, and becomes oppressive. 

Suspended tnalUrs in air are of a great variety of substances. The 
irritation of dust incident to certain trades may cause chronic bron- 
chitis, emphysema, and phthisis. Germs floating in the air are believed 
to be the cause of many contagious, infectious, and malarial diseases. 
The best disinfectants* arc {a) free ventilation and consequent dilu- 
tion ; {b) chlorine, bromine, iodine, and sulphur dioxide. 

Nitrogen Hydride— Ammonia, tiii,.— Occurs in the effluvia from 
decomposing nitrogenized organic bodies ; for nitrogen and hydrogen 
unite only in the nascent state. (See page 26.) First obtained by 
distilling camel's dung, near the temple of Jupiter Ammon in Libya ; 
hence called " ammonia." Obtained by hearing clippings of hides. 



* DisiH/edants destroy the power to infect, whether it be due lo genus or 
other agent. Germicides destray gemis. Antistfilin prevent putrefaction. 
' t/aymo/ii-t prevetil feruienlution. DeoJorizets destroy offensive odora. 



I 
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hoofs and horns,* especially of deer, in closed retorts {destructive 
distillation), it was called spirit of hartshorn. Coal contains aboul Iwo 
per cent, of nitrogen, which in the manufacture of coal gas comes 
off 3S ammonia. In washing the coal gas the ammonia dissolves in 
the water. This aqua is its commercial source. 

Prepared in laboratory by driving the ammonia off from the aqua by 
means of heat, 




Physical Properties. — Transparent, colorless gas, of an irritating 
odor; condenses under a pressure of 6^ atmospheres into a colorless 
liquid ;t very soluble in water, which dissolves from 500 to looo 
times its own volume. \ Administered by inhalation as a stimulant 

* Experiment. — Mil cnlcium, potns^um, or sodium hydrate with some 
nitrogenous substance, us albumin or dippincs of bom, hoors, liannel or lean 
meal. Ileal in a tegl-lube. Ammonia gaa is evolved, recognized by its odor, 
alkalinity, or by white fumes forming when a glass rod moistened with HCl ii 
thrutt into the tube. 

f Experiment.— M nice nmmooiuni silver chloride by passing a 
over «ilver chloride. Enclose this in a bent lub« (Fig. 20). The end ( 
Its tbe compound is healed in a water balh, while the other is cooled ii 
■nuIUTe. Ammonia gai is driven off from the compound, and condcn 
% colorless liquid In the cold end of the tube. 

X Bsperlment. — The absorption of ammoniit gas by water may be illus- 
trUed by lillinga large bottle with Ihe gas by upward displacement and closing I 
die mouth with a rubber cork ibrougb which passes a glass lube scaled at the j 
outer end. If this sealed end be plunged under water and then broken 
w«er rushes in, forming a fountain (Fig. 19). If the water be colored with ' 
red litmus solution it will become blue as it enters the bottle, showing the \ 
nlkalinily of Ihe solution. 



I 
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Nitrogen Dioxide — N^O, {Nitric Oxide). — Prepared by action 
nitric acid on copper ; — * 

3Cu + SHNO, = 3Cu(N0,), + 411^0 + N.O,. 

colorless gas, which, when coming in contact with free O, forms red ' 
■apors of NjOj and N^O, ; hence a test for free O. 
Nitrogen Trioxide— NyOj (Nitrous ^f/rf—H NO,). —Nitrous acid 
known only in its salts, the nitrites. These are produced in na 
ly the oxidation of nitrogenous organic matter in the presence of cer- 
forms of microscopic life. 

lis nitriiicaiLon occurs in waters polluted with organic matter, and 
lormally in the soil, where the acid so formed combines with bases. 
Irites in water is evidence of previous contamination with 
litrogenous matter. Further oxidation forms nitrates. 
Nitrogen Tetroxide— NjO, — ocairs in company with N,Oi in the 
fumes given off whenever nllric acid is decomposed, as in cer- 
tain laboratory and manufacturing processes. The effect of breathing 
thus contaminated is to produce chronic inflammation of the respira- 
tory tract. If the vapor be more concentrated the effects are more 
acute and serious. At Rrst there is only a cough, in two or three 
hours a difficulty of breathing, and in about twelve hours, death. The 
remedy is ventilation. 
Nitrogen Pen toxile — NjOi— is of no medical interest. 
Nitric Acid — HNO, {Aqua Fortii) — occurs in traces in the atmos- 
phere and as nitrates in the soil, (See Nitrites.) 
I^epared by distilling a nitrate with sulphuric acid. 

aKNO, -I- n.SO, = K,SO, + zHNOj-t 



Experiment.— Cop^ turnings, clippings, or wires are placed in a flask, 
•nd cdtric acid diluted wilb half iU volume of water is poured in, and the flask 
•el in cold water. Ked fumes soon (ill the flask, but when these have escaped 
Ibe gas appears colorless, turning red, however, on reaching the air. The 
eolorteu gas is collected over water. 

t Experiment. — In the latoralory nitric acid may be prepared wtih the 
apparatus shown in Fig. 11, Equal parts of sodium njlrale and sulphuric acid 
■re heated In the relorl. The nitric aci'l produced isvaporiEed by (he beat and 
rMODdeosed in a receiver kept cool by a wet clotli, over which flows a stream 
of water from an elevated veaiet. 
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Physical Properties. — Heavy liquid, colorless, but if old and expol 
10 light it may be yellow or orange from presence of NjO] and NjO.. 
Like all other nitrates, it is soluble in water. 

Chemical Properties.—E.Tiergeiic oxidizer;* corrosive; stains skin 
indelibly yellow. 

Medical Uses. — The strong acid is an cscharolic. coagulating the 
albumin of the tissues; the dilute, a refrigerant ionic. 

Tesls.~{i) Yellow stain. {2) Add H,SO„ and then a crystal of 
FeSO, dropped in will be colored brown if nitric acid or any nitrate be 
present. 




PHOSPHORUS (Light-bearer) occurs combined with O in the 
ancient unstratilied rocks. These disintegrate and form soil, from 
which the P passes into the organisms of plants, and thence into the 
bodies of animals. First isolated by Brandt (1669) from urine; now 
obtained from bones. 

Physical Properties. — A soft, yellowish solid, resembling unbleached 



e of SI 
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t soluble in carbon disiilphide, ether, 



able,t so kept under 
combustion, emits the odot of 







"wa\.* Insoluble in 

chloroform, oils, etc. 

CAemkai Proper lies. —Very infl; 
exposed to the air, it undergoes a ; 
ozone, and is himinoua in the dark. 

Physiological. — liable to inflame from careless handling, 
by it are difficult to heal. In medicinal doses, a nerve 
aphrodisiac ; in larger quantities a virulent poison and gastro- 
Sometitnes given with homicidal intent, but more frequently taken 
accidentally as rat poison, tips of matches, etc. Workmen in match 
factories suffer from irritation of stomach and bowels, caries of teeth, 
necrosis of bones, especially of lower jaw, and from fatty degenera- 
tion of various organs. This may be prevented by using the red 
allotropic variety, which is harmless. 

No good antidote. Evacuate the iitomach ; give copper sulphate X 
ic and antidote; give old turpentine, the Oione of which 
the P. Avoid fats, for they dissolve it. 

Ttst%.—{\) Shines in the dark ; (2) emits garlicky odor. 

I'BOSPHORUS HVDRIDK. — PHj {Phospkorelttd Hydrogen— Phos- 
pkine) — occurs mixed with other hydrides of P in (he gases arising 
from decomposing animal or vegetable matters, especially under 
water; hence seen as the ignis fatuus, or " Will-o'-ibe-wisp," over 
marshes and graveyards. 

n-eparcdhy boiling phosphorus in a solution of caustic potash, J 



*Wbcn healed lo 500° F, in an atmosphere incapable of acting upon it, phoi 
phorus is converted inio a reddish- brown powder, which, unlike ordinary phos 
phorus, is not poisonous, not inllammnble, &nd iti»iluble in the ordinary solvcnls. 

t Experiment. — Dissolve some phosphorus in carbon disulphidc. Pout 
this on a sheet of lilter pnpcr hung on a retort stand. Soon the solvent evapo- j 
nitEs and leaves (lie pliosphorus in such a fine state of division that it inlliunei 
spontaneously. 

J Experiment. — Place a. clean bit of phosphorus for a minute in a solution 
of copper sulphate. Remove, and note the coating of metallic copper. 

3 Experiment. — Into a relorl, whose delivery lube dips under water in a 
diui, add liquor potasss and a few bits of phosphorus. Expel the air by pass- 
ing hydre^en or illuminnting gai through the retort, or hy adding a few drops 
of ether, the vapor of wliich does the same thing. On applying heat the 
bydn^en or illuminating gas or ether vapor first escapes, then come bubbles 
of PH., each of which, as it bursts into the air, ignites iponlaneoiuly, fonning 
beaulifiil rings of white smoke rotating on their circular axes. These may 
I aicend lo the ceiling if the air be still. 
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Properties. — Colorless gas, of a garlicky odor ; inflames s 
ously upon coming in contact *ith the air ; very poisonous. 

Phosphorus Oxides, These are analogous to the oxides ( 
-hydrogen, and form, on the addition of water, analogous : 

Phosphorus Pentoxide (PiOt) is produced whenever P bums ii 




air* or O ; and forms three diffcTenl phosphoric acids by combining J 
with one, two or three molecules of water, thus; — 

PjOi + 3H,0 = HjRjOj = zHjPO, = Orthophosphoric acid. 

P,Oj -f 2H,0 = H.PjO, = Pyrophosphoric acid. 

P,0, + H,0 = H,P,0, == jHPO, = Metaphosplioric acid. 
Orthophosphoric Acid. — Never found free, but is widely dis- 



" Experiment. — A little sland in liie 
capsule, into wbich is pnt a bil of phosphc 
is Ignited and covered wjih a hell jar. 1 
which, a^firegntiiig. foil inio the plite like 



niddle of a dtnner-plate supports a 
us freed from adliering wBlei. This 
ha jar is filled with clouds of P,(^, 
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seminaled in the Ihree kingdoms of nature in its salts, ihe phi 
phates. Being the phosphoric acid most used in medicine (the 
other two are poisonous), it is usually called simply "phosphoric 
acid." Transparent, odorless, colorless, syrupy liquid. Being tri- 
basic, it forms three classes of phosphates by displ; 
two, or three atoms of the basic hydrogen, thus; — 
KIIjPO„ K,IIPO„ and K,PO,. 

In the diluted form {actdiim phosphoricum dUiituni) it is prescribed I 
as a tonic, especially in dyspepsia. 

Tcils. — Add a few drops of the magnesian fluid (MgSO,, NH,C1, 
and NH.HO, each one part, water eight parts); a white precipitate \ 
indicates phosphoric acid or other phosphate. 

ARSENIC occurs mostly as sulphide, usually associated with other 

metals. The ore is roasted, and the resulting oxide heated wiA 

carbon (charcoal) gives the metal. This is a brittle, steel-gray, crys- 

talline solid, possessing a metallic lustre. Heated out of contact with 

air it sublimes; In air it burns with a bluish-white flame, emitting the 

odor of garlic and white clouds of As^,. it combines with many 

elements; the metallic arsenides resemble alloys, Lhed'xn pyrotechny 

and in the manufacture of shot, pigments and fly-poison. All its 

compounds are poisonous. 

Arsenious Hydride — ^AsHi — ArsettiuretUd Hydrogen — Arsine-— 

I is of great practical interest to the toxicologist, as its formation con< 

I Rilutcs one of the most delicate tests for arsenic. Forms whenever 

I hydrogen is generated in presence of an arsenical compound. 

Arsenious Iddide — \s\,.— Prepared by fusing together atomic 
I proportions of its constituent elements. It enters into Donovan's 
I Solution, lig. arsenii el hydrargyri iodidi. U. S. P. 

Arsenious Sulphide — h'iSt— occurs native as orpiment. JVe- 
\ pared by precipitating an arsenious compound with H5S, Bright 
' yellow powder, insoluble in water or acid solutions, but soluble 
I alkaline. Another sulphide is realgar, AsS,, llolh are used as p 
I inents — the orpiment as a yellow, Ihe realgar as a red. 
Oxides and Acids. 



1 
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A»,0, -f 3H,0 r= 2H,AsO,. (orlho) Arsenious acid, 
AsjO, -|- 3H,0 = 2HjAsOj, (ortho) Arsenic acid. 
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Arsenious Oxide— AsjO,. Arsenic, iV/iile Arsenic, Ralsbattt, 
ArsenioMS Acid.— This, is not only the most important compound of 
arsenic, but the most important of toxic agents, whether we consider 
the deadliness of its effects or the fatal frequency of its administradon. 
When recendy made it is in glassy lumps, which on exposure become 
crystalline and opaque. When sublimed it is deposited again in 
brilliant octahedral crystals. It is odorless, almost tasteless — slightly 
sweedsh. When powdered arsenic is thrown upon water it docs not 
all sink, notwithstanding its heaviness, but floats, showing a repulsion 
of the water. Very slightly soluble in water, even boiling water dis- 
solving less than two per cent, Ifthe water be made acid or alkaline, 
it dissolves more readily. When arsenic dissolves in water it forms 
arsenzoiis acid, H,AsO,. 

There are two officinal solutions, each containing one per cent, of 
arsenic: (t) Liq. acidi arseniosi, in which the water is acidulated with 
HCI ; {2) Fowler's Solution, liq. potassii arscni/is, in which the water 
is made alkaline by K,CO^ • 

Arsenic Oxide. — Arsenic pettloxide is made when arsenious oxide 
(As^i) is treated with an oxidizing agent, as nitric acid. It is quite 
soluble in water, with which it forms a series of arsenic acids (otlho-, 
Pyro- and meta-) analogous to the phosphoric acids. 

Toxicology of Arsenic. — The deadly effect of arsenical compounds 
has been known from remote antiquity, and they have probably been 
e used for homicidal purposes than all other toxic agents com- 
bined. Although chemistry has made its detection easy and certain, 
i so cheap, so readily administered to the unsuspecting 
, and so deadly, that it is still a favorite with the murderer. 
Owing to the extensive use of arsenical compounds as in sect, powders 
(Paris green, etc.), and as pigments^for wail-paper, toys, confectionery, 
etc., cases of accidental poisoning are quite common. 

Few physicians have the training and facilities to undertake an 
extended analysis, but they should all know the simpler tests, so as to 
promptly recognise the nature of the poison and combat it intelU- 
gently and successfully. Besides, the physician, being early in the 
1 by wise precautions prevent breaks in the chain of evi- 
dence ; protecting the prisoner if innocent, and closing loop-holes of 
escape if guilty, if foul play is suspected, he should commit all his 
observations to writing, for notes to be admitted as evidence must be 
I the original ones lalcen at the time. Having collected the 
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feces, vomit, and Ihe suspected vehicle of the poison, and having 
tested some or all of them to verily his suspicion, he should place 
them under seal or lock and key. He should carefully reserve hi 
opinion, lest he do injustice to the innocent or warn the guilty. I 
case of death, the coroner should be notified and an autopsy held, i 
presence of the chemist if possible. The stomach and entire intestin; 
canai, ligalcd at both ends, half of the liver, the whole brain, spleer 
one kidney, and any uiine remaining in the bladder should be savei 
These, if possible, should be preserved in separate jars, to which a I 
little pure chloroform may be added to prevent decomposition. These I 
jars must be new and clean, closed with new corks or glass — not linc ] 
caps. ' They are then to be labeled, and also sealed and stamped, I 
so they cannot be opened without detection, and as soon as possible 1 
turned over to the chemist or prosecuting officer. 

TA^ symptoms a/ arsimica/fioisom'n^ are ihose common to all intense 
irritants, viz., nausea, vomiting, burning pain in the epigastrium, 
puling, cramps, thirst, fever, rapid pulse, etc.. ending in collapse. ' 
Smallest fatal dose is two grains, and death usuaUy occurs in twenty- 

Tr^a/menf.— Remove any unabsorbed poison from the stomach by 
emetics or stomach-pump. The best antidote* is freshly precipitated 
ferric hydrate, made by adding aqua ammonia to a solution of a 
ferric salt. " Dialysed iron," being a -solution of ferric hydrate, may 
be used. It should be given at frequent intervals and in tabiespoonful 

Tests for Arsenic. — In Ike solid stale: \. Heated on a knife- 
blade over a lamp, it volatiKses with a white smoke, and leaves no 
residue. 

1. Heated in a tesl-tube it sublimes, and is recondensed in the cooler 
portion of the tube (Fig. i,i) z^ octahedral crystals (Fig. 25). 

3. Heated in a small tube with powdered charcoal, the arsenic is 
reduced as it sublimes, and recondenses on the cooler portion of the 
tube in Ihe metallic slate. 

Ik the liquid stale : i. Through the solution, acidulatedor rendered 
neutral, pass H^ ; a yellow precipitate (As^,) falls. 

*Ad antidote is something hannless and capable of rendering the poison 
barmless. Since poisons are inert when insoluble, antidotes ure usually sucb 

Kbrtanee! as arc capable of combining with the poison to form an insoluble 
d therefore! ' 
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3. To an aqueous solution add a few drops of nitrate ot s 
(hen cautiously add ammonia, drop by drop, till a yellow precipitate, 
silver arienile (AgjAsOi) is obtained, showing the presence of arsenic. 
Repeat the preceding, adding copper sulphate instead of silver 
nitrate, and the presence of arsenic is indicated by a green precipitate 
of copper arseniie (Scheele's green or Paris green). 

The last two tests may be performed with greater ease and delicacy 
if the silver nitrate and copper sulphate each be previously treated 
with ammonia until the precipitate first farmed is barely dissolved, 
forming solutions of ainmonio-Hitraie o/sih'erajid ammonio-sulphale 
ofeopp^, which are filtered and set aside as test reagents. 



I 




The Plating (Reins^k's) Test. — I'lace a thin piece of pure copM 
in the solution acidulated with HCi. and boil. If arsenic be pres 
it will be deposited as a metallic film on the copper. If the solutic 
be then poured off, and the piece of copper, carefully dried, be hea 
in a dry test-tube, the film will sublime and condense on the sides j 
the tube, and the preceding tests may be applied. 

The Hydrogen (Marsh's) Test depends on the fact that AsHi is 
always formed whenever hydrogen is generated in the presence of any 
arsenical compound. Generate hydrogen (Fig. 26) in the usual way 
(Zn + H^O,), and if the chemicals are pure (free from arsenic), the 
gas burns with a pale yellowish flame, without odor, and does not stain 
a porcelain dish held in the flame. Then pour into the generator 
some of the suspected solution. If arsenic be present, there is ata 
odor of garlic ; the flame becomes bluish-white, and a cold porcdi 






If the delivery tulie be heated (Fig. 27), the 
passing AsH, is decomposed, and metallic ar- 
senic deposits ferther out in the tube in a filni of 
the same character as that on the porcelain. 

.This may be distinguished from the film 
formed by antimony under similar circumstan- 
ces by (1) its greater metallic lustre, and (2) by 
its dissolving on the addition of chlorinated 
soda (Labarraque's solution): (3) y, , 
moisten the spot with nitric acid ; 
evaporate the acid ; a white stain is 
left, which is colored a red by AgNO, and yellow by HjS. 
The flame should now be extinguished and the delivery-tube 
made to dip into a solution of AgNO^ This will be black- 
ened, and, if overlaid with aqua ammonite, a yellow pre- 
cipitate will appear at the junction of the two fluids. 

ANTIMONY (stibium) ai-curs native, but usually as a sulphide. 
Preparedly toasting the sulphide, and heating the oxide thus ob- 
tained with charcoal. 
PfvpaHes. — A bluish-white, brittle, crystalline solid, with a brilliant 
^metallic lustre. Resembles meuls and forms alloys. In chemical 
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properties it plays the role of positive and negative radical 
equal facility. 

Used in alloys, as tjpe metal. Babbitt's metal, Britannia, etc., to 
which it gives hardness and causes them to expand and fill the moulds 
n solidifying. The metal is not used in medicine, most of the com- 
pounds being obtained from the sulphide. 

Antimonious Hydride — SbHj {Antlmoniurelted Hydrogen — SH- 
bine), corresponding to AsH,. — This gas is formed wherever hydrogen 
is generated (nascent) in presence of a reducible antimony compound. 

Antimonious Chloride— SbCU.— At ordinary temperatures a yel- 
ow semi-solid; hence called butler of anlimony. On addition of 
considerable water it decomposes, precipitating a white powder, the 
oxychloride (SbO.Cl),* formerly called powder of a/garoth. 

Oxides and Acids of Antimony. 



ShjO, -1- HjO = ^HSbOi— (mela) Antimonious BCid, 
SbjO, 4- HjO = 2HSbOj— (meta) Antiinonic add. 



Antimonious Ox\D&—Sh,Oi.— Prepared by treating the oxychlorid< 
with sodium carbonate to remove the chlorine. A whitish, insoluble, 
volatiliiable powder. 

Antimony and Potassium Tartrate — (SbO)KTf ( Tartar Emetic). 
Prepared by treating SbsO, with the bitartrate of potassium, thus ; — 

2KHT + Sb,0, = 2{SbO)KT + HjO. 

Sweetish, metallic taste ; soluble in water and slighdy so in alcohol. 
Dissolved in Sherry wine it forms vinum antbnonii, U. S. P. It enters 
also into unguentuin antimonii and syrupus scilla composilus, U. S. P. 

Antimonious SuLPwiDE^SbaSj, the principal ore of antimony ; 
occurs native in black, lustrous masses. It may be precipitated from 
any antimonial solution by H,S as an orange powder,|which is black 
when thoroughly dried. 

Poisoning by antimony occurs oftenest with tartar emetic, for that 
salt is used more than all the other compounds of antimony. The 



4 



* SbO and BIO, called respectively aalimoayl sjii. btsmulhyl, are onivaleol 
radicals, because two valences of Ihe trivnleiit element being satiEfied by the 
bivalent O, only one free valence is left. 

t (T) is used to represent the lartarie ncidulous radical (C,n,Oj}. 
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symptoms are those referable to gastro-enteric irritation. Fortunately 
the salts of antimony are emetic, and cause spontaneous evacuation 
of the stomach. Encourage this, and give tannic acid or ferric 
hydrate, which will form an insoluble compound. 

The presence of antimony may be detected by (i) orange precipi- 
ftate with H,S ; (2) by Marsh's test (see page 52). 

BISMUTH cccurs native and as sulphide. Pt-epared by roasting 

e sulphide in air, and reducing the resulting oxide with charcoal. 

Properties. — A brittle, white metal, with a bronze tint : volatilinea 

a white heat. Forms compounds closely analogous to those of Sb, 
but is more positive, and plays the negative role with less facility. 

Used in alloys; e.g., pewter and stereotyping metal; the latter 
melts in boiling water. 

Bismuth Nitrate— Bi 3 NOj. — Formed by treating bismuth with 
nitric acid. Dissolves in a little water, but if much water be added 
it decomposes, with precipitation of — 

BtSHUTH SuBNiTRATE — BiONO, {Bismutk Oxyailraie) — a white, 
tasteless powder, much used in medicine and as a cosmedc [pearl 
white). 

Bismuth Subcarbonate — (BiO)aC03. — Similar to the preceding in 
constitution, properties, and uses. 

Bismuth and Ammonium Citrate. — Obtained in pearly scales by 
dissolving the citrate in dilute ammonia- water, evaporating to a 
syrupy consistence and spreading on glass to dry. Being very 
soluble it is the preparation used in making (he popular elixirs of 
bismuth. 

Physiological. — The bismuth sails arc tonic, sedative, mildly astrin- 
gent and aniifermentative. Used to allay gastro-intestina! irritation. 
Occasionally the irritation is increased from presence of arsenic 
which unscrupulous manufacturers often fail to remove as the Phar- 
macopceia directs. When preparations of bismuth are taken, the 
Stools are blackened by the sulphide formed with the HjS in the 
intestines. In severe cases of diarrhcea, with acid fermentation, this 
blackening does not occur, and its reappearance is a sign of improve- 

Tests. — (1) H,S or NH,HS gives brownish -black precipitate; (2) the 
concentrated solution poured into water forms a white precipitate. 
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V. Carbon Group, 

Carton (i^ajfo, a coal), C, 

Silicon (li/ex, a Hint), Si 

Tin {Stannum) Sn 

Lead {Plumiiim) H) 

Each element is bivalent and quadrivalent. The dioxide of Q 
forma with water a dibasic acid: — 

CO, + H,0 = H,COa, Carbonic aciJ. 

SiO, + H,0 = H^iO,, SiUdc aciJ. 

SnO, -[. H,0 = H,SiiO„ Stannic acid. 

PbO, + H,0 = HjPbOa, Plumbic acid. I 

CARBON occurs free in its three allotropic forms, diamond, grapl- 
and coal; combined in carbonates and in all animal and vegetable 
substances. All its forms are probably traceable to organized life. 

Diamond. — Geological history unknown ; transparent crystalline 
body of great brilliancy; hardest substance known. Used as a gem 
and fnr cutting glass, etc. 

Graphite (to write). — Owing to its resemblance to lead it has been 
called black lead or plumbago; almost pure carbon. Used for pen- 
cils, crucibles, stove polish, etc. 

QQK\..~~Mineral coal is a black substance, compact in texture, the 
remains of vegetable life of past ages. CAsrctfo/ is obtained by burn- 
ing heaps of wood with a limited supply of air. The volatile con- 
stituents pass off, leaving the carbon as a light, porous substance, 
retaining tbe form and structure of the wood. Animal charcoal is 
made by heating animal matters in closed iron retorts. Charcoal, 
especially animal, is a valuable absorbent of odorous gases* and 
coloring matters -t 

Properties. — Free carbon is solid at all temperatures, and insoluble 
in all menstrua. Ordinarily, free carbon is unaffected by chemical 

* Experiment.— Fill a le5t-iube with ammonia gas over mercury (Fig, ag). 
Introduce a piece of charcoal recently heated. The gas is absorbed as il 
shown by the rapid rise o( the mercury, 

f Bxperiment.^ — To a solution of indigo, cochineal, or potassium permaU' 
Eanale or beer in a llask, add some animal charcoal, shake up ; ' ■"'■ "* " 
filtrate is colorless, and in case beer is used il has also lost its I: 
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agents, but a.t hJ|>h temperatures it surpasses all other elements it 
avidity for O. Hence it is used to separate the metals from their I 

Carbon Monoxide — CO— occurs 
whenever carbon is burned with an 
insufficient supply of air, as in anthra- 
cite stoves and furnaces, and in coal 

Prepared in the laboratory by heat- 
ing oxalic acid, or potassium ferrocya- 
nide, with sulphuric acid. 

n-operties. — Colorless, odorless, 
tasteless gas ; burns with a pale blue 
flame : very poisonous, comhiningwith 
the coloring matter of the blood cor- 
puscles, and destroying their oxygen- 
carrying power. Artificial respiratiori : 
is of little use. Transfusion of blood 
promising treatment. After 
death the blood remains scarlet. The s 
.arcoal fires, defective draught ir 
inating gas escaping into bed-rooms. 
Carbon Dioxide — COj. 

CO, -h H3O = H,CO,— Carbonic acid. 
Occurs sparingly (.0004) in the atmosphere, as a result of animal 
ipiration, vegetable decay, and combustion. Plants absorb it, 
;ppropriating the carbon and returning the oxygen to the air. 

It often accumulates in cellars, beer-vats, wells, etc., where It is 
called choke-damp. 

Prepared by burning carbon, but most conveniently in the labora- 
by decomposing a carbonate with an acid. 

CaCO, -f- jHCI = CbCI, -f H,0 -|- CO,. 




IS of danger are open 
ind chimneys, and illu- 



I Phylua! Properties. — Transparent, colorles 



i. of a pungent odor 



* Experiment. — Into n sliglit dcpresEion in a piece of charcoal lay 
.(tttUic oxide — e.t;., lead oxide — heal with a blow-pipe. The oxi 
Muced by the heated charcoal around 11, and globules of the meld appeal J 
^ich coalesce into a bright bulton. 



and soor taste. One and a half 
solves its own volume. Soda- 
undcr pressure. t 



/ater a^^T 



as heavy as air.* Water" 
4 only a solution of this gas 




Chemical Properties. — Neither burns nor supports combustion,! '* 
vater it exists as carbonic acid — HjCOj. On attempting to concen- 



* ExpeiimentB. — To show the weight of carbon dioxide; (l) Pour it from 
one vessel to another. (2) Blow soap bubbles and allow ibem to lall into a 
wide vessel containing this gas. Ae soon as they reach the surface of the gas 
Ihey slop and float upon il, (3) Pour a large beakerful of the gas into ■ light 
pasteboard box that has been balanced on a pair of scales. The box will at 
once descend. This gas accumulaling in wells may be bailed in buckets, and 
tested by being poured upon a lighted candle. 

t That water will dissolve a greater quantity of carbon dioxide under pres- 
sure is shown by the rapid evolution of the gas whenever a bottle of soda ot 
other carbonated water is opened and the pressure thereby removed. 

X Set ■ ondlesdck, holding several lighted tapers at different heights, in a 
large jar. Carbon dioxide is introduced at the bolloin, and extinguishes the 
lapers one by one as the vessel fills up to their levels. ^"^^ 
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trate this dilute solution the acid decomposes again into water and 
COi ; hence wet litmus reddened by it becomes blue again on dry- 
ing. 

Tests. — (i) The gas (15 pet cent, and over) extinguishes a flame; 
(i) precipitates lime-water;* (3) carbonates effervesce on adding a 
strong acid. 

Physiological. — If the gas be undiluted, death is immediate from 
spasm of the glottis. If somewhat dilute (15 to 30 per cent.) there is 
loss of muscular power, anesthesia, and death without a struggle. If 
quite dilute (5 to 10 per cent.) headache, giddiness, muscular weak- 
ness, and sometimes vomiting and con- _ 
vulsions occur. 

The effects are more serious if the CO, 
comes from combustion or respiration, 
because of the removal of oxygen and 
the admixture of the deadly CO and ani- 
mal exhalations. 

Treatment, — Fresh air, artificial respira- 
and stimulation. The preventive is 

intilation. 

Vektilatlon. — More than 7 parts of 
COj in lo.cxxi of air is oppressive. Taking 
this as the maximum impurity allow- 
able, 3000 cubic feet of fresh air per hour 
is needed by each person, and more in 
case of disease or when lamps are burn- 
ing. To secure this in a room containing looocubicfeet (loX 10 X 10) 
the air must be changed three times an hour. This would give a 
draught not uncomfortable or injurious. If the draught be properly 
distributed, a breathing space of 500 cubic feet changing six times an 

• hour would be unobjectionable. Ventilation may be secured in two 

BrAys, by diffusion and by draught. 



kiloii. 




• Experiment.— Two Wolff bottles are half filled with lime-waK 
arranged as in Fig. 31. Placing the rubber lube in his mguth, the operal 
inspire through one bottle and expire through the other. The small amou 
of carbon dioxide in the inspired and the larger amount in the expired air 
shown by t while precipitate, slight in the one and dense ia the other bottle. 
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ises mingle more rapidly, liquids more slowly, 
make a mixture of uniform density. 

When two gases of different densities are sepa- 
rated by a porous partition, they mingle, the lighter 
passing through more rapidly than the heavier, the 
rapidity being in inverse ratio to the square roots 
of their densities.* 

This diffusion is more active in winter than in 
summer, because of the greater difference in den- 
sity of the warm air within the house and the cold 
air without. Damp walls are unhealihful mainly 
because being no longer porous they prevent this 
diffusion. 

Cyanogen — CN or Cy. Univalent because N"" 
can satisfy only three valences of C"'. A com- 
pound negative radical resembling in its chemical 
behavior the elements of the chlorine group. 

Prepared by strongly heating mercuric cyanidcf 
Hg(CN), = Hg + sCN. 

A colorless gas, smelling like peach kernels. 
Burns with a peach-blossom Aame; unites with 
metals to form cyanides, the : 

HvnROCYANic Acid — H{CN). o 
Acid, Hydrogen Cyamde).~Occi 
monds, cherry -laurel water, etc. 
Properties. — Colorless liquid, having an odor like peach kernels. 



. impoitanl 



.T HCy— {7>wwK- 
trs in biitcr al- 



* Experiment. — Cement a porou; earthenware butecy cup at its open end 
to the top of B funnel tube, the end of which dips into a bollle of colored 
water. Support on a sland, as in Fig. 32, Bring down over thecop ui inverted 
bell jar of hydrogen. The light H diffuaes so much faster into the cup than 
the air diffuses out of it, that bubbles of gas escape rapidly through the water. 
Rcraoye the bell jar and the conditions are reversed. The H now diffuses so 
rapidly out of the cup Ihat the water is sucked up (be tube. 

f If mercuric cyanide cannot be obtnint 
□ngbly dried potassium ferrocyanide and three part: 
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For medical purposes only a dilute (2 per cent.) solution is used, and 
the dose is from two to five drops. 

Toxicology. — All the cyanides are very poisonous. One drop of the 
pure acid produces immediate death, and three grains of potassium 
cyanide kills in a few minutes. The respiratory centres are paralyzed, 
and the victim falls and dies in convulsions. Poisoning is liable to 
occur from handling the acid or the cyanides, which are largely used 
in Ihe arts, or from eating vegetable products, e. g. peach and cherry 
seeds containing amygdalin, a substance easily decomposing into 
prussic acid and other products. Owing to the rapid action of the 
poison, antidotes are usually impracticable. Use artificial respiration 
and stimulate. If the patient survive an hour, the prognosis is good. 

Tesls. — (i) Its odor; (2) silver nitrate — white precipitate soluble in 
boiling HNO, ; (3) add ammonium sulphydrate, evaporate to dr>'ness, 
and then add ferric chloride — a blood-red color. 

Cyanates.— Cyanic acid (HCyO) and ammonium cyanate (NHh- 
CyO) are the most interesting. The latter on being heated forms urea. 

SULPHOCVANATES are sulpho-salts corresponding to the cyanates 
(oxy-salts), and are good illustrations of the facility with which S forms 
series of compounds analogous to those of O. They, especially the 
potassium and sodium salts, are used as test reagents. 

Compound Cyanides. — Cyanogen shows a great tendency to 
form complex radicals, especially with iron; as, ferrocyanogen 
[Fe"(CN),']" or (FeCy.)", and f^rricyanogen [Fe."(CN).!']" or 
(FetCyi,)^'. These two radicals contain ferrous and ferric iron re- 
spectively, and with hydrogen form acids known as hydro-ferrocyanie 
acid, H4FeCy. (telrabasic), and hydro-ferricyanic acid, H.Fe,CNi, or 
HiFe^yi, (hexabasic) ; the salts of these acids are termed ferrocyan- 
and ferricyanides. ' 

Potassium Ferrocvanide — K.FeCy, — commonly called yellow i 
pmssiate of fiotush, and potassium fekhicvanide— KcFeCy,.~wrf 
prussiaU of potash, are important test reagents. 

The carbon compounds will be further considered under the head 
of Organic Chemistry. 

VSILICON (also called silicium) resembles carbon, and occurs in 
Hkc allotropic forms corresponding to coal, graphite, and diamond ; 
■ost abundant element after oxygen. It exists in only a few com- 
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Tin forms two classes of compounds ; the stannous, in which the 
atom is bivalent, and stannic, in which the atom is quadrivalent. 
These are of importance to ihe chemist, bat of little interest to the 

LEAD.— Its principal ore is its sulphide (PbS), called galen 
is a soft, heavy, blue metal, very slowly acted upon by most sub- ^ 
stances ; hence used to make water-pipes and vessels that are exposed 
to corrosive liquids. 

Water containing nitrates or nitrites (from organic matter) dissolves 
lead slightly ; but if it contains carbonates or sulphates, the lead is 
protected by an insoluble coating of lead carbonate or sulphate. 

Lead enters into the composition of many alloys ; as pewier, solder, 
shot, type-metal, etc. The quadrivalent compounds of lead are of so 
little importance that the term plumbic is applied to the bivalent j 
compounds. 

Lead Oxide — PbO — Litharge. — A yellow substance, found native; ' 
made artificially by heating lead in the air. It is by treating this with 
the appropriate acid that most of the lead salts are prepared. When, 
rubbed with oil it decomposes the glyceryllic ethers and combines 
with the fatty acids to form lead soaps, one of which, the oleate, is 
lead plaster, emplasirum plumbl, U. S. P. 

Lead Dioxide, ot puce lead, is a dark-brown powder, forming one 
of the constituents of red Uad {Pb,0, or aPbO.PbO,). 

t/>v^r^rfby treating rt'rf/<rarf with nitric acid to dissolve out the PbO. 
Lead Nitrate— Pb 2 NO,. 
Made: PbO + 2HNO, = PbsNO, + H,0. 
l^doyen's disinfectant fluid is a solution of Pb2N0, (one drachm to 
e ounce). It corrects fetid odors by neutralizing H.S and NHiHS. 
Lead Acetate— Pb(C,HjO,)s, or "Phkcc-Siigar of Lead. 
Made: PbO -(- aHAc = PbAcj + H,0. 

Used in medicine more than any other lead salt. Its solution will 
dissolve considerable quantities of PbO, forming the solution of the 
subacetale of lead, the liguor plumbi subacetalis. U. S. P., Goulard's 
extract. It is astringent, and, like all the lead salts, sedative. Much 
used as a topical application in erysipelas, acute eczema, and other 
skin affections ; and diluted ifead-'water), it is used in conjunctivitis 
ind other mucous in 
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The following insoluble salts may be made by precipitation 
solutions of the preceding soluble ones ; — 

Lead Chloride— PbCls, — Made: Soluble lead salt added to a 
soluble chloride; e.g.. PbAc, + 2HC1 = PbCl, + aHAc. Slightly 
soluble in warm water, but in cold it is always precipitated from solu- 
tions of moderate strength ; hence classed with HgCl and AgCl as one 
of the three insoluble chlorides. 



Lead Sulphate — PbSO,.— Forms 
a solution of a lead salt is added to a sulph: 






; sotut 



PbAc, + ZnSO, = FbSO, + ZnAc,. 



I 



Lead Carbonate — PbCOj — WkHe T^ad. 

Made : PbAc, + Na^COj = PbCO, + 2NaAc, 

Commercially, it is made by some modification of the old Dl 
method, which consists in covering bars of lead with the refuse of the 
wine-press and bam manure. The acetic fumes from the grape husks 
attack the lead, forming lead acetate, which is decomposed by the 
carbonic acid from the manure. The acetic acid thus liberated com- 
bines with another portion of lead, which is again precipitated by the 
carbonic acid, and thus the process continues until all the lead is 

Used for painting, but blackens when air contains H,S. 

Lead Sulphide — PbS — is formed as a black precipitate whenever 
a lead solution is treated with a soluble sulphide, as H,S or NH,HS. 

Lead Iodide — Pbl,. — A bright yellow precipitate on adding a 
soluble iodide to a lead solution ; as, — 

PbAc, -f aCI = aKAc + Pbl,. 

Lead Chromate — PbCrO,. 

Made .■ PbAc, + K.CrO, = PbCrO, + aKAc. 

Under the name of chrome yellmu It is used in painting. Of lat^ 
has been used to color food products. 

Tests for lead consist in forming precipitates of the foregoing in- 
soluble compounds. 

rkysiological. — All the lead compounds are poisonous. Acute 
poisoning sometimes occurs from the ingestion of a single large dose 
of a soluble lead salt. The symptoms are those of gastric irritation. 
Treatment. Give MgSO, to form the insoluble PbSO,. 



ite^ 



PART I. — INORGANIC CHEMISTRV. 65 

The chronii form of lead intoxication, painter's loUc. is purely 
poisonous, and is produced by die continued absorption of minute 
quantities of lead by the skin of those ha[\dling it. and by the lungs 
and stomachs of those hving in painted apartments, or using food and 
drink from leaden vessels. There is impairment of digestion, consti- 
pation, blue line along the edge of the gums, colic, and paralysis, 
especially of the extensor muscles. Lead once absorbed is eliminated 
very slowly, having combined with the albuminoids, a combination 
which is rendered soluble by the administration of iodide of poLts- 

The treatment for chronic lead-poisoning is to give MgSO,, for the 
double purpose of overcoming the constipation and precipitating any 
lead remaining unabsorbed in the alimentary canal ; also KI to pro- 
e the elimination of that which Is combined with the albuminoids. 
Alum is a favorite treatment, seeming to perform all accomplished by 
both the MgSOi and KI. The paralyzed muscles must be treated 
with electricity, so that when the lead is eliminated and the nerve 
influence returns, it may not tind them degenerated past redemption. 



VI. Metala of the Alkalies. 

Hydrogen H t 

Lithium Li 7 

Ammonium (NH.) iS 

Sodium (Natrium) No aj 

Potassium (Kalium) K 39.1 

RLBIDItJM Rb 85 

CxsiVM, Cs (33. 

Univalent; very electro- positive (except H), so that when com- 
bined, unless it be with a strongly electro- negative (acidulous) radical, 
they form very alkaline compounds (hence the name). The positive 

~ ities, as in the other groups, increase with the atomic weights. 
All their compounds are soluble. 

LITHIUM. — Sparingly but widely distributed in nature, especially 
n the waters of certain springs. Lightest of the solid elements. Its 
salts closely resemble those of sodium. 

Pkysiologieal. — Lithium urate being by far the most soluble com- 
pound of uric acid, salts of lithium, especially the carbonate, are given 
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to gouty persons to promote the eli 

Tes/.—U colors the flame a beautiful 

AMMONIUM,— When ammonia gas (NH,) combines with an acid, 
it appropriates the basic hydrogen and forms a salt in which NH^ 
the positive radical; e.ff. 

NH, + HCI = NH,a, corresponding lo KCT or NaO ; J 

NHj + HHO = NHjHO, corresponding loKHO or NaHO; ■ 

NH3 + UNOj^ NII,NO„ corresponding to KNO, or NaNOj; 1 
sNH, + HjSO, = (NHjljSO^, corresponding to K,SO, or NojSOj. 
This radical plays the rS/e of a metal, like fC and Na, and is called 
Ammonium. Does not exist uncombined, although Weyl claims lo 
isolate it as a dark-blue liquid metal.* We can obtain it as an amal- 
gam by the reaction between sodium amalgam and ammonium 
chloride.f 

Ammonium Hydrate— NHiHO—CaKiftV^^MWdM^a— is formed in 
solution whenever ammonia gas (NHi) dissolves in water, thus : NH, 
+ H,0 = NH.HO. It has been already stated that the watery solu- 
tion of a fixed substance is called ■^liquor ; of a volatile substance, an 
aqua. In like manner alcohohc solutions of fixed substances are 
called tinciures, and of volatile, spirits. There are four U. S. P. solu- 
tions of 



SpirUus c 



fiposfd fret ammonium. Sodio-ammonii 
a sealed lube wilh ammonia g^. This is in turn 
wilb ammonium chloride in s sealed tube. A dork blue liquid, with 
melollic lustre, is obtaineil, bat soon decomposes into ammonia, gas and hjdro- 

I Bxperiment.' — To some mercury in a test-tube add sodium, small bits at 
a time. On this sodium amalgam pour a strong solution of ammonium chlo- 
ride. Sodium chloride and ammonium amalgam are formed. 



'i 



(Na -1- Hg) -f- NHjCI = NaCI -}- (NH. -|- Hg). 



Hg)= J 

only Bi e | 

J 
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■ In all these solutions NHiHO exists, but has never been isolated, ^^M 
W because, whenever we attempt to evaporate the water or alcohol, the ^^| 
V NH,HO decomposes into NHj + H,0. Ammonium hydrate is very ^^| 

■ alkaline. ^^| 

I 
I 



Ammonium Hydrosulphide — NH,HS— occurs in decomposing 
nitrogenous, sulphurized organic bodies. Afa/fc by saturating a solu- 
tion of NH,HO with HjS. A yellowish solution; used as a test reagent. 
MONiuM Carbonate — (NH,),C03, — Ammonii Carbonas, U. S. P. 
—Sal volatile — is prepared by heating a mixture of NH,C1 and chalk 
*(CaCOB) up to the temperature at which (NH,),C03 would be vola- 
tilized, ivhen the following reaction will occur: — 



aNH^CI + CaCO, = CaCI, + (Nir^)jCOj. 



Other salts may be made by adding the appropriate acid to Ihe 
carbonate or hydrate of ammonium. If we use the carbonate, we 

n tell when acid enough has been added by the cessation of effer- 
vescence. If ihe hydrate be used there is no effervescence, and our 
only guide is tlie point at which the solution becomes neutral in 
reaction. This is determined by the use of test papers. These are 
made of white, unsized paper, steeped in a blue vegetable pigment 
called litmus, which is reddened by acids and restored to its blue by 
tikaliei. 

Physiological. — The hydrate and carbonate are alkaline irritants, 
like the corresponding K and Na compounds, though in less degree. 
They, moreover, give off NHj, which, though irritating to the respira- 
tory tract, is a valuable stimulant in fainting fits, etc. Two drachms of 
■qua ammonia; have killed. The treatment, as for all alkalies, is to 
give a dilute acid or some oil. 

Tests. — (i) An ammonium salt warmed with liq. potass^ gives off 

NH,, recognized (n) by its odor, (i) its forming a white cloud of 

KHfCl when a glass rod dipped in the HCl i.s held over the vessel, 

Uid if) its changing moist red litmus to blue, (i) Heat the dry 

n salt and it volatiliies. 



SODIUM occurs very abundantly as sodium chloride, c 

,It, from which almost all the sodium compounds are now obtained 
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instead of from ashes of seaweeds, as fomierly. The ^ 
^aA properties of sodium and its compounds are so similar to those of 
potassium that we will omit their separate consideration. So much 
ahke are the salts of the two metals that the choice between them is 
usually governed by considerations of economy, convenience, solu- 
bility, fashion, etc. On exposure to the atmosphere the sodium salts 
usually have a tendency to effloresce, while the potassium salts tend 
to deliquesce. 

Tests. — No good precipitant ; for all the compounds of sodium are 
soluble. However, the strong yelioiv color it gives a flame is a very 



delic; 



1 fact, too delicate, for it shows 



almost cveiy thing. 
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POTASSIUM occurs only in compounds. /V^/ia/ 
one of its oxygen compounds with charcoal in an i 
(KXOj + 2C = 3CO + K,). TTie metallic K distills □ 
condensed in a flat receiver. 

Physical Properties. — Soft as wax ; lighter than water ; 
lustre when freshly cut, but quickly tarnishes. 

Chemical Prcpertiis. — Intensely electro-positive ; hence it possesses 
great affinity for the non-metals ; * takes O from HaO, even as ice, f 
setting lire to the escaping H, giving the flame the violet color char- 
c of K (Fig. 34). 



*ExpeTimEnt. — Potassium [ndames spoiitD.neously when loweied into a Jar 
of chlorine (Fig. 33), Wflmied with iodine or dropped into bromine it 
explodes violently. This should be done under a tubulated bell jar, because 
the potassium is scattered in every direction. 

t Eiperiment. — -Load a strong toy cannon with gunpowder. On Ihe fuM 
Jay a small hit of potassium. Touelung it witli n piece of ice li ' 
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FAST I. — IKOKBAKIL ISEBMXSTKS. tip 

ToTASSium Cahbdkais — £.«CO,. — CHBamrc sts am impoR soIxk 
tkm (*'lye**j b\ lixiviaiing tiK 2ahB^ of 3iiaii&, ss^tedally innresi uses. 
This, -evapoiaEed tz> drynieK. ^aznE> *' rnniTiiiiaird iyic* ^lus in 
tom. wbsu iimific d. rans^ ' |Bax±-sBii.*' whix± & teliicr pnrmed tor 
medidnal lae. SomfirimgE made: b% innninr; oram of uuiai and 
liziriatiiig tiie lesidis, bents xadied joits trf tariar, A wfaice 9cnu> 
crj^tallme or 4;iaii iilar povrdcr. CD, iieing a wcakbr aadulous xadi- 
cal, K^COs K very alkaiine, eveE raifstir. 

Acm Salts. — Saihs axe ionned by a mrlRllfr xadkal dffijplarnig ^le 
bjLsic H of as and. If all 1h£ H be dfygilared. lint Tesah. is a narmai 
salt, as. H^SO^ — K^ = K^SC)^ ~ Ho. Bm if pan of liie basic H 
of tike acid remaiis^ it k called an a^zef joZf, as H^SO^ — K = 
KH5O4 — Irl. Sometixnes acid salts srt called " bd ** sahs, because 
the pTDportiaD of Ibe acidiiloxs radical to ^le basyloxis is twice as 
great as is the normal : e.^., KHSO^ k caBed patassinm bisiilpihale, 
because the proportian of tbe aadnloiB radical SC^^ to the basylons 
radical K is tinoe as gieai as in ibe normal snlpbatf, K^SO^. 

PoTASSiUJi BiCAKBDXATE — ^KHCOg. — AMiougb an acid salt in 
consdtntion, it is alkalii^ in reacticm, on account of tbe weakness 
of its aodalons radical Made by passing CO^ into a solution of 
K,CO,. The reaction is as follcm^ : — 

Kpj, -i- H,0 - CO, = 2KHCXV 

Potassium BiTAKTmAXR— KH (C^H^O^) or KHT— <>/vwPf of Tar- 
tar. — Prepared sinularly to the above, by adding tartaric acid to a 
soladon of the normal tartrate, thus: K^T — HjT = 2KHT. It 
exists naturally in grape juice, and, being insoluble in an alcoholic 
menstruum, is precipitated on the sides of the wine casks whenever 
vinous fermentation sets in. This is its commercial source. 

Other Salts. — Most salts of K are made by treating the car- 
bonate with the appropriate add, e.g. : — 

The chloride— K,CO, -f 2Ha = 2Ka -f H,0 + CO,. 
The sulphate— K^CO, +. H^SO^ = K^SO^ -f H,0 + CO,, etc. 

The decomposition is attended with an effervescence of COj. U is 
the formation of this volatile compound that determines the reaction. 
(See Volatility, page 25.) 
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tlfi + K. = KSO + n. 
made In the shops bf boS^ K,CO( wkh sbked line, Aas»4 
K,CO, ■~ CamHO = CaCO, + iKHO. 
The inscdiibk CaCO, (dnlfc) sinks to ibe battoa. and the KHO 
disaolTes in the snperaatant Bqmd. wUdi wh^ dear is pouied off 
(decanted). This watery soliitiDD, if a<^ paper OxeagAf^ 
"IJfin^PoiaiMe,V.S.P." IfdtissohSMM ~ 
CMuistrace and poured into iBonhis. ii fanas iIk Stick o 
KHO is rerf aUcaliqc, and a powerlbl cantaj. 
Exposed to the air it absorbs COj and to 

zKMO + CO, = KjCOi + H,0. 
Potassium Iodide — KI : — 

6KHO + 61 = 5KI + KIO, + 311,0. 

The color disappear because the I goes to Ibnn 
Prepared thus, the Kl is contaminated with KJOi (K-Iodate).* 
the mixture be strongly heated the Oj is driven off and (be KI alone 
remains. The addition of charcoal facilitates the removal of the Oj. 

POTASSiuif Bkohide — KBr — may be made similarly to the above. 

SoDio-POTAsstuH Tartrate— NaKT—^tffAr/i- S«//.—A neutral 
•all made by boiling acid potassium tartrate with sodium bicarbonate. 

KHt + NaHCO, = NaKT + H,0 + CO,. 

This i» the reaction thai occurs in baking with cream of tartar baking 

PoTAMILM HvPOCHLORITE^KClO. — Made by passing chlorine into 
a cold Mliition of KHO. Yields free chlorine. The ordinar)- bleach- 

• Biperiment.—The pretence of KIO, in a commercial specimeo of KI 
nuf he recogniixd hy boiliog a lillle starch in a Lest-lube, dissolving a OTStal 
of lb* niupected till, and then adding a few drops of a strong solution of tar. 
title Kciil ) if K 10, be prcKni, I will be liberated, and a blue color struck with 
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ing solutions (Labarraque's Solution or Javelle water) are solutions of | 
impure sodium or potassium hypochlorite. 

Tests for Potassium. — (i) If the suspected solution be concentrated, 1 
add HjT and get a precipitate of KHT.* (2) Platinic chloride (PtCl J„ j 
gives a yellowish precipitate. But the PtClj is very cosily, and all the I 
potassium compounds so soluble that the above tests are but little | 
used. The most convenient is the (3) flame lest : dip the end of a J 
clean pktinum wire in the suspected solution, and hold in the color* J 

ss Bunsen or alcohol flame and notice the violet color. 

C/ESIUM AND RUBIDIUM.— Rare metals, occurring in small I 
quantities with potassium. Discovered in i860 by means of the spec- 1 
troscope, and named from the colors of their lines in the spectrum 1 
(c/ssius, sky blue, and rubidus, dark red). Of no medical interest as 

Attalytical. — To determine whether a salt be a compound of K, Na, 

Hi, or Li, heat sampled of each ; the one that volatilizes is the s 

Confirm this by boihng with KHO and getting the odor of 
To the other three salts apply the flame tests, getting the 

iolet for K,t yellow for Na, and carmine for Li. 



VII. MetalB of the Alkaline Earths. 

Magnesium Mg 24 

CALCitfM, Ca 40 

Stsontium Sr B7.5 

BARitJM, Ba 137 

I Bivalent ; their oxides and hydrates are very alkaline, but of a 
^Jtarthy character. Their positivencss or basicity, as in other groups, I 
it in the order of the atomic weights. Their carbonates are decom- 
posable by heat and insoluble in water, unless it contains H;CO, in 
solution. Their sulphates increase in solubility from the insoluble I 

»)>arium salt to the very soluble magnesium sulphate. 
■ MAGNESIUM.— Never free ; abundant in magnesian limestone i 
^aCOrMgCOi). Asbestos, meerschaum, and soapstone are native ] 

'The addiLion of alcohol renders the lest much more delicate. 
fThe delicate violet of K may be masked by the intense yellow of Na, but I 
can be seen if observed through a piece of blue glass, a medium ihu Bbwihi J 
le yellow light. 





BSSEMTIALS r 

MosE uatuial wacers contamhs salts. Silvery white 
bums with 3. briUiant white light, hcb in chemical lays, and used 
phoingTaphing caves snd other dark placrs. 

Magkesium Snua.YrE — itgSOv— i»fi:ir»T in the waters of 
spnngs. as those at Epsom; hence oten <:alle>i Epsom sails. 
artiticiany from the native carbonate, thus : — 

i^o, — H^^ = Mgso. -i- ( H,o — ay. 

White, crystalline, soluble salt of a nauseous bitter Ctac 
popular purgative. The nauseous taste and grrping may be 
by adding aromatics, acid, "^f^—r of iron (as in Ctab Orckard 
or by &ee dilutioB, 

MA^NEsniM Cmu^TE b the nest pleasant of the valine 
UsoaHy given as the Sfmar mta^neta citmtis. which is prepared 
adding a solotioD of citric acid to MgCOi, and bottling irnmedlatel; 
rMain the CO* 

MAGNESItJM C.\RBO^ATE — M^Or—Mcun native. F 
purposes it is piepared by precipitation, thns : — 

Mg30, -f N3,CO, = ?i»,SO, J- MgCOr 
Similar to chalk in its physical and chemical properties. 

Magnesivk Oxide — MgO — SSagmsia. Made like CaO. by 
ingihe carbonate. 

MgCO, = MgO + COr 

Insoluble and tasteless {earthy), but its alkalinity is shown by its 
taming moist red litmus paper blue when the solid MgO is dropped 

Magnesium Hydrate — Mg(HO),. —Formed by precipitating a 
magnesium solution with pwrtassium or sodium hydrate. Insoluble in 
water, but, like other salts of magnesium, soluble iti the presence of 
ammonium compounds with which Ihey form double salts. Suspended 
in water, il is called milk of magnesia. 

Magnesium Pjiosphates. — These resemble the calcium phosphates 
and nre associated with them in ihc body, though in small quantity. 
The amtnonio-magnesium phosphate (MgNH.PO,) is precipitated 
whenever a noluble phosphate in neutral or alkaline solution finds 
)t»elf in presence of an ammonium salt, as occurs in the alkaline fei- 
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■ Physiological. — Magnesium oxide and hydrate being alkaline 
tasteless, are popular antidotes for acids. These and the carbonate 1 
are given to correct acid conditions of the digestive tract, and com- 
biaing with the acids they form soluble salts that are laxative. 






CALCIUM. — Never free, but its compounds are very abundant, as 1 
lestone, gypsum, etc. Calcium salts are necessary to animal life, 
the teeth and bones consisting mainly of calcium phosphate. 
Calcium Chloride— CaClj. 
Made : CaCO, + 2HC1 = CaCl, + H,0 + CO,. 
A white salt ; very avid of water and deliquescent ; used to dry . 

I CALcruM Carbonate — CaCOj. — Abundant as limestone, marble, 
Drals, chalk, and shells of the Crustacea, molhisks. etc. Chalk con- 
;s of microscopic shells. PrecipitaUd chalk \% made by adding a 
elubte carbonate to a soluble calcium salt, as: — 

Na,COj + CaO, = jNbCI + CbCO,. 

' The precipitate (CaCOJ may be separated from the CaCij in solu- 
ion, by- 

(a) Fillration. — Pouring the mixture into a cone of filter paper placed j 
in a funnel, when the water with the dissolved salt will pass through, 
leaving the insoluble portion (the precipitate) on the filter, (i) Decait- I 
tation. — Allowing the precipitate to settle to the bottom, and pourii 
off the clear fluid. In either case the precipitate may be washed from ] 
any remaining CaCI, by adding pure water and repeating the process. 

Calciifm 0.\ide — CaO — Ume. quicklime; calx, U. S. P. — A white 
ladc by healing limestone in rude furnaces called kilns, 

CaCO, = CaO + CO,. 

n water is added to CaO there is a violent chemical union, great j 
s evolved, and a hydrate is formed, thus : — 

CaO + H,0 = CazHO. 

I Calcium Hydrate — CasHO — Slaked lime. — A white, odorless I 
powder; very slightly soluble in water, less than one grain to the J 
inough to give "lime-water" (liquor calcis, U. S. P.) aJ 
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decidedly alkaline taste and reaction. The presence of Suga^SBy 
increases its solubility {liq. calcis sacckarafus, Br.). 

Chlorinated Lime — Chloride of lime, bleaching powdrr, calx 
chlerafa, U. S. P.— is a mixture of chloride of calcium (CaCl,) and 
calcium hypochlorite (CaaClO). It is made by passing chlorine gas 
over slaked lime until it ceases to be absorbed. It is white, moistens 
on exposure to the air, absorbing COi and giving off CI. It is em- 
ployed as a source from which to get a gradual supply of chlorine for 
disinfecting and bleaching purposes. 

Calcium StJLi'HATE—CaSO.— o^curj negative, as gypsum, which, 
when heated, loses its water of crystallization and forms a white amor- 
phous powder called plaster-of- Paris. If this plaster be mixed with 
water enough to form a creamy liquid, it will recrystalliie or "set" 
into a hard compact mass. Much used in surgery to make casts to 
hold broken limbs in position. Very slightly soluble in water. 

Calcium Phosphate — Ca3(P0()a- — It is the most abundant mineral 
ingredient of the body ; in every tissue and fluid, especially the teeth 
and bones, to which it gives hardness and rigidity. A while tasteless 
powder, soluble in dilute acids. Dissolved by lactic acid, it is given 
as syrupus calcii laclophosphalis, U. S. P., in scrofula, rickets, and 
other diseases of defective nutrition. 

Calcium Oxalate— CaCA, or OMi—occurs \a the juices of some 
plants and in the urine. Obtained as a fine white crystalline powder 
when a soluble oxalate is added to a calcium solution. Insoluble in 
water or acetic acid, but soluble in the mineral acids. 

Hard Waters are such as contain mineral matters, especially 
calcium (lime) compounds. Often water, in passing through the 
soil, becomes highly charged with carbonic acid, and dissolves con- 
siderable amounts of CaCOj, and is hard. This is called temporaiy 
hardness, because on exposure or boiling, the carbonic acid Is driven 
off, the CaCOa is precipitated, and the water becomes soft. The solu- 
bility of CaSO, does not depend on the presence of carbonic acid, 
and boiling will not precipitate it. So water impregnated with CaSO, 
is said to be permanently hard. Drinking-water should contain a 
small quantity of lime ; but very hard water impairs digestion. Hard 
water is unlit for washing, because the soluble alkali soap reacts with 
the lime salt to form an insoluble lime-soap. 
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STRONTIUM.— or liitle importance, except that its nitrate is u 
pyratechny to make the red light.* 

BARIUM.— or little interest to the medical student, except that its 
compounds are poisonous. Barium sulphate is very insoluble ; hence 
(i) the antidote or barium is some soluble sulphate, and (2) barium 
solutions (nitrate and chloride) are delicate tests ror sulphates, anc 
vice versa. (See Insolubility, page 26.) Barium gives the flame i 
green color; hence used (nitrate) in pyrotechny to make the green 
or Bengal light.t 

Anaij/tical, — To determine whether a solution be one or barium, 
calcium or magnesium : Add potassium chromate ; a precipitate 
indicates barium. If no precipitate, add ammonium chloride and 
then ammonium carbonate; a precipitate indicates calcimn. ir no 
precipitate, add sodium phosphate ; a precipitate indicates magnesium. 

' VIII. Metals of the Earths. 

Boron B 11 



Scandium, Sc 44 

Vltriuin, Y gz 

Lanthanum, La 139 

Cerium, Ce 141 

Didymium D 145 

Samarium, Sm 150 

Erbium, E ifiS 

Vnertiium, Yb 173 

Trrvalent, though in compounds two atoms go together, forming a 

* Rid Fire: Strontium nitrate, 800 grains; sulphur, 225 grains; potassium 
chlorate, 200 groins, and lampblack, 50 grains. 

f Green Fire : Barium nitrate, 450 grains; sulphur, 150 grains; potasuum 
chlorate, too gr^ns, and lampblack, 25 grains. 

For lecture-room experjmeuts the following, without sulphur, are preferable: 

Green Fire: Two parts barium nitrate, two ports potassium chlorate, and 
one part ground shellac. 

Red Fire: Two parts strontium nitrate, two ports potassium chlorate, and 
one part ground shellac. 

The ingredients should he dry, powdered separately, and mixed with as 
\ Utile fiictuin as possible. 
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sexivalent radical, as Al,Clf,. Horon is so weakly positive that 
non-metal. Aluminium is the most important member of this group, 
the others being rare metals associated with it in various minerals, 
Their osides and hydrates are of a neutral or earthy character. 

BORON occurs as a constituent of boracic acid and borax (sodium 
borate, U. S. P.). Has two allotropic forms, amorphous and crystal- 
line, corresponding to coal and diamond. Forms only one oxide 
(BjOj), which, combining with water, forms an acid :— 

BjOj + 3H,0 = H,B,0, ^ 2H,B0,— Boric ncid. 

Boric or Boracic Acid occurs as pearly scales, soluble in water; 
feebly acid ; an un irritating antiseptic. Boiled with glycerine it was 
sold as boroglycsride, or mixed with borax as rsx magnus to preserve 
foods, especially milk and meats. 

Test. — Compounds of boron, especially when moistened with sul- 
phuric acid, color the flame green. 

ALUMINIUM.— Never found free, but in the abundance and dis- 
tribution of its compounds it ranks next to oxygen and silicon — third 
among the elements and first among the metals. Isolated with 
difficulty, and therefore cosily. Bluish-white metal, ductile and very 
light; does not tarnish in the air. With copper it fonns a golden- 
yellow alloy, known as aluminium bronze. 

Aluminium Chloride — Al.Cli. — /Vjf^ari;!/ industrially in the manu- 
facture of aluminium. A soluble, astringent salt. It absorbs and 
combines with HiS, PHj, and NHg. An impure solution is sold as a 
disinfectant under the name chloraluin. 

Aluminium Sulphate — Ai53SO(, — Made by treating white clay 
with HsSO,. It has properties similar to the above, 

AiAJM^A/iimeft. — An alum is a double sulphate of a trivalent 
a univalent radical. Its constitution may be expressed thus : — 
R,'"3SO,,R,'SOj. or !R""R'2SO,. 

The trivalent radical (R'") may be Al, Fe. Cr, or Mn. The 
valent radical (R') may be K, Na, NH„ etc. So, by ditTerent < 
binations of these radicals a variety of alums may be formed. The 
old potash alum {AlisSOi.KjSG,) is giving place in the arts to the 
cheaper cimmonium u/hto (AI,3S0,.(NH,)^0.). T\\e nmiiumio-ferric 
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ahtm (Fe,3S04.(NH,)^0,) is also much used in medicine. Burnt 
alum, alumen exsiccatum, is a white amorphous powder obtained by 
heating alum until its water of crystallization is driven off. Alum, 
ike other salts in which the acidulous radical predominates, is astrin- 
burnl alum, on account of its avidity for water, is a cnild 
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AujMiNiUM Silicates. — Very abundant, as granite, clay, sand, etc. 

Clay is usually of a reddish or brown color from admixture of oxides 

of Fe, etc. Pure white clay {kaolin) is used in the arts to make 

porcelain, and in medicine as a vehicle for the external application 

K of acids, etc. 

^K CERIUM is a rare metal. One of its salts, the oxalate, is used as 
^F^ sedative to irritable stomachs, especially in the vomiting of preg- 
nancy. When pure it is a very efficient remedy ; but the commercial 
article is liable to contain salts of lanthanum, didymium, and other 
allied metals. 

The other members of this group possess little interest for the 

Iedical student. 
\ 
ith 



\ IX. The Zinc Oroup. 

Zinc 'La 65.2 

CAI>MltIM, Cd 112 

r Bivalent; bluish-white metals, closely allied in sources and prop-' 



ZINC. — When heated in air, zinc burns with an intense bluish- 
light, forming clouds of oxide. It tarnishes quickly in air or 
but becomes coaled with a tilm of oxide that protects it from 
r corrosion. Iron coated with zinc ("galvanized iron") will 
Ithstand exposure to the weather an indefinite time. Alloyed with 
copper, zinc forms brass. Pure H^O, is unaffected by pure zinc or 
line coated with mercury (amalgamated), unless it form a galvanic 
circuit.* Commercial zinc is rapidly attacked by most acids. 

int.-^inlo & Isi^e test-tube contaimng bits of zinc pour dilute 
; there is a prampl effeTvesceoce al hydrogen. Add n little 
gitate; the action ceiucs. IJcop in a picceof copper; it begins 



4 



78 ESSENTIALS OF CHEMISTRY. 

Zinc Sulphate — ZnS04 — White Vitriol — is made thus: — 

Zn -f HjSO^ = ZnSO^ -|- H,. 

White, soluble salt, resembling MgS04 in appearance ; astringent and 
emetic. 

Zinc Chloride — ZnCU. — Made : Zn + 2HCI = ZnClj -\- Hj. A 
white deliquescent salt; strongly astringent; severe caustic. Used 
as an injection to preserve anatomical subjects. 

Each of the following mixtures forms a hard, white mass, used for 
filling teeth : — 

(a) A strong solution of zinc chloride with zinc oxide. 

{b) A strong solution of magnesium chloride with magnesium oxide. 

{c) Zinc oxide with phosphoric acid (zinc phosphate). 

Zinc Carbonate — ZnCOg — is a white, insoluble powder made by 
precipitation : — 

ZnSO^ 4- NajCOs = Na^SO^ + ZnCOg. 

Used in the arts {zinc white) in place of lead carbonate, for it is 
not blackened by HgS.; in medicine as a dusting powder for excori- 
ated surfaces, and in ointment. 

Zinc Oxide — ZnO — is prepared either by burning metallic zinc* or 
heating the carbonate, ZnCOs = ZnO + CO2. 

It is a yellowish -white powder, used externally in ointment, inter- 
anally as a tonic and astringent, especially in the night-sweats of 
phthisis and diarrhoea of children. 

Zinc Sulphide — ZnS — is precipitated whenever a solution of a zinc 
salt is added to the solution of a soluble sulphide, unless the solution 
be acid in reaction. It is the only white sulphide, therefore a test for 
zinc. 

Poisoning, — All the salts of zinc that are soluble in the digestive 
fluids act as irritant poisons. Sodium chloride and organic acids dis- 
solve metallic zinc, therefore food kept in galvanized iron vessels is 
more or less poisonous, especially since commercial zinc usually con- 



* Experiment. — Place bits of zinc in a hessian crucible and heat strongly 
over a triple burner. The metal is volatilized, and the vapor igniting bums 
with an intense bluish-white flame, yielding white flakes of zinc oxide, the 
lana philosophica (philosopher's wool) of the older chemists. 
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tains traces of arsenic. For this reason articles intended for t( 
logical analysis should never be kept in jars with zinc caps. 

CADMIUM resembles zinc in its properties and uses, except thaj 
i sulphide is yellow and insoluble in acid solutions. 



X. Ths Iron Group. 

■ Chromium Cr 51.2 

Manganese, Mn SS-o 

Iron Fe 56.0 

Cobalt, Co 5S.8 

Nickel, Ni 

These are hard metals and all more or less magnetic. 

By a variation in valence they form two classes of compounds : ' 
One in which the atom is bivalent, as in ferrovis chloride (FeClj) ; the 1 
other in which the atom is trivalent, as in ferric chloride (FcjCli). With I 
Oxygen they fonn acidulous radicals, which form the chro 

mates, .and ferrates, with the stronger bases. 

CHROMIUM. — So named because all its compounds are colored. I 

"he metal is of but little use. Its compounds are of great importance I 

the chemist and of considerable utihty in the arts, but few are used f 

fn medicine. 

Cbrohiuh Trioxide — CrOg — is made by treating a strong solution. I 
' potassium bichromate with sulphuric acid, thus : — 

K,Cr,0, + H,SOj = KjSOi + H,CrOj -|- CrOj. 

hS CrOi separates in crimson prisms. It is a powerful osidant andil 
caustic. Sometimes improperly called chromic acid. 
Chromates, — The principal ones are potassium chromate, KiCrOi,j 
valuable test reagent, and lead chromate, PbCrO,, a yellov 

BiCSKOUATES are not regular acid or bi-salts, but compounds of k 1 
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chromate and chromium moxide. The most important of these a 
potassium bichromate. K^r^. or K,CrO,.CrOf It fonns large, red, 
soluble crystals. It is added to the sulphuric add in bacleries (o 
oxidize* the Dascent hydrogen., 

Chromates may be rec<^niied by their color and by the yellow. Jj 
dpitate on the addition of lead acetate. 



these^^^^ 
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MANGANESE resembles iron in its properties. Used to alloy iro 
in the preparation of certain kinds of steel. Its most abundant ore 



Mancaxcse Dioxide— MnOi — B/airi Oxide of Maa^aiuse—i 
insoluble steel-gray powder that readily gives up its extra atom ofO. 
Used in large quantities in the preparation of chlorine and oxygen 
gas. 

Manganous Sin-PHATE — MnSO,. 

MnO, + H^, = MnSO, + 11,0-1-0. 
A soluble, rose-colored salt. 

Masganous Sulphiije — MnS — is precipitated whenever a solution 
of a salt of manganese is treated with NH,HS. It is the only flesh- 
colored sulphide, hence its formation is a UH of manganese. 

Masganates.— If a mixture of KHO, KClOj, and MnO, be heated 
together, there results a green mass ai potassium mangaaaU, KiMnO,. 
If this be dissolved in distilled water, it forms a green solution, which, 
on boiling, or even standing awhile, is changed to a purple, due to 
the formation of potassium pertnanganate, K,MniOs. 

The permanganate f gives up its oxygen so readily to organic matter. 

* Experiments. — The oxidizing action of the chromic sails can be shown 
in B number of reactions, (a) An; organic substance, as sugar, oxalic scid, or 
a chip of wood, boiled in the sulphuric acid aod bichromate miiture, is oxid- 
ized, disuipearing complelely, with evolution of carbon dioxide, (i^) Rinse 
out B beaker with strong alcohol, and then drop in a few crystals of chmmic 
acid. The thin layer of alcohol is ignited wiih the odor of aldehyde, (c) 
Pour a few drops of absolute alcohol on the wick of a spirit lamp, and lay on 
several crystals of chromic add. It ignites. 

f Experiment. — Powdered potassium permanganate treated with sulphuric 
acid given oH ozone. (See pi^e 19.) So powerful an oxidizer is this mii ' 
Ihat alcohol, ether, benzol, ca^oa disulphide. Sowers of sulphur, tannin, 

e ignited on contact with it. 
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same time losing its purple color, that it is used as a te: 
Korganic impurity in water and as a disinfectant. 

iohgical. — Associated with iron (i to 2o), manganese is a normal J 
Bconstituent of the btood corpuscles ; hence its preparations, like those ■ 

, are blood tonics. Valuable in amenorrhcea. 



IRON occurs abundantly as oxide, carbonate, and sulphide ; 
^sionally free. 

. — The carbonate or sulphide is first roasted until 




tverted into oxide. The oxide is heated in a blast furnace with coalj 

li and fluxes (limestone and silicates). The carbon of the coal removes 

L the oxygen from the iron, which melts and sinks beneath the melted 

fluxes. The fused metal is then drawn off into furrows in the sand 

called ^/fJ. This is cast iron, containing 4 or 5 per cent, of carbon, 

W>vn<fA/ i>-o« contains little or no carbon, and jfri'/ an intermediate 



\ 



Properties. — A blubh-gray metal, sp. gr. 7.5 ; rusts (oxidizes) when, 
exposed to moist air, or water containing air. 

Reduced Iron — Ferrum Redacium, iron by hydrogen, Quevenne's 



1 



S3 

, — It is prepared b/ heating ferric oxide 
tube through which hydrogen is passed : — 

re,0, + ll5 = Fej + 311,0. 
1 very fine, dark gray powder, which, if good and fresh, will 
ignite on contact with a lighted taper and burn with a red glow ; f pre- 
scribed in pill form. 

CHLORIDES. 

n to hydrochll 




M 



Fe + !tHCl=iFeCl, + H,. 
Like most ferrous salts, it is green and prone to oxidize with the forma- 
ion of ferric compounds. 

Ferric Chlouide— t'esCl, — is made by first forming the ferrous 
chloride as above, and then adding nitric and hydrochloric acids. 
The nascent chlorine evolved by the nitro-hydrochloric acid converts 
the ferrous into ferric chloride, thus ; — 

6Fea, 4- 6HCI + sHNOj = 3Fe,Clj -f- N,0, +■ 4H,0. 

The liq. ferri chloridi,\J, S. P., is the aqueous solution. This, when 
diluted with alcohol, forms the Hnct.JerH ckloridi, U. S. F, If citrate 
of potassium or sodium be added to this tincture, the solution loses its 
styptic taste, does not affect the teeth, and is not incompatible with 
solutions containing tannin. 



SULPHATES. 

Ferrous Sulphate— FeSO.—Co/jleraj 



Green Vitriol. — Prepared : 



I 



* Experiment. — With the apparatus shown in Fig. 35, hydrogen is gen- 
rated from sulphuric ncid and zinc in ihc Wolff tiollle, and dried by passing 
Ihrougb the U-shaped tube containing calcium chloride. It then [lasses through 
the porCEbin tube coiilaining ferric oxide (subcdrbonate, U. 5. P.) and is heated 
to ledneis in the fnniace. After the reduction is completed, the iron should 
not be exposed to the air ontil cool, or it will ignite spontaneously. 

t Experiment.— Faraday used to show that it is raore inflammable than 
gunpowder, by pouring it mixed with ganpowder upan an alcohol flame burn, 
ingonawhite dinner-plate. The iron burns with bright scintillations, white 
the gunpowder falls through the flame and is only ignited when the flume dies 
down and reaches the surface of the plate; One part of sulphur, two of 
reduced iron, and three of nitre make an inm gunpowder that bums as tjuicU' 
and more brilliantly ihan ordinary guDpowder. 
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lFe+ H,SO.= FeSO,"(- H,, Soluble, green crystals efflorescing upon 

■ .exposure. A cheap and excellent disinfectant, destroying organic 

■ matters by abstracting their oxygen. When given in pill fonn it is 
||first exsiccated. 

Ferric Sulphate — Fe,3S0,. — TersulphaU is made by adding nitro- 
ulphuric acid (HNOi + H,SOi) to a solution of the ferrous sulphate, ■ 

6FeSOj + 3H,S0, + 2HN0b = '^f^l^O^ + N3O, + 4H,0. 
Its officinal solution is the liq, fcrri tersulphatis, Liq.fetri sub- 
WhUphaiis, U. S. P., Monscl's Solution, is prepared similarly to Ihe | 
I above, using only half the quantity of sulphuric acid. 




l-Ferrous HvDRATE—FeaHO— is precipitated on mixing solutions 
a hydrate and a ferrous salt, as — 

FeSO, + 2NaHO = Na,SO, + FeaHO. 
A green precipitate, which soon oxidizes and becomes brown. 
Ferric Hyurate — Fet61lO.— A brownish-red, gelatinous mass, 
precipitated by soluble hydrates from ferric solutions, e^, : — 

Fep, + 6NI1.H0 = 6NH.C1 + Fe,6H0. 

, This is the favorite antidote for arsenic, for which purpose it must 

e freshly prepared and given in large doses. Ferric hydrate dissolves 

a solution of ferric chloride, forming a dark red liquid of a, ' 
fptic taste. 
• If thb liquid be put in a dialyser (Fig, 36), a vessel with a bottom 
uf parchment or animal membrane, and suspended in water, the 
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chloride passes out through ihe membrane into the water. 
barely enough ferric chloride remains within the dialyser to hold the fer- 
ric hydrate in solution and the styptic lasie has disappeared, the liquid 
is removed and sold under the name of " Dlalysed Iron." 

Ferric Nitrate — Fe.6N0,. 

Ma^e: Fe^HO + 6HN0, = 6H,0 -f Fe^NO,. 

Lig. Jerri nitralis. U. S. P., is a reddish acid liquid. Used a 
astringent, especially in dysentery. 

Ferrous Iodide — Fell. — Prepared: Fe + I, ^Feli. 

Sometimes given in pill, but better with syrup, which acts as a pre- 
servative as well as a vehicle. 

Ferrous Carbonate — FeCO,— is obtained by adding a soluble 
(alkaline) carbonate to a ferrous salt, thus; — 

FeSO, 4- K,COj = KjSOj -f FeCOj. 

It is insoluble in pure water, but slightly soluble in water containing 
carbonic acid, as in chalybeate springs. On exposure to the air it 
turns red from formation of ferric hydrate ; bo it is preserved by mix- 
ing with sugar and honey, as in ihc fe?T-i i:arbonas !accharaius,\J .5, P. 

Ferrous SULPHIDS — FeS — ocrwrj native, but maybe made by heat- 
ing together iron filings and flowers of sulphur. Used in the prepara- 
tion of H^. 

ScALK Compounds of Iron.— These are ferric salts, mostly with 
organic acids. They do not crystallize readily, but are sold as thin 
scales. Made by evaporating their solutions to a syrupy consistence, 
poured upon plates, and when dry peeled off in scales. Often other 
bases, as potassium or ammonium, together with alkaloids, as quinine 
and strychnine, are incorporated in the compound. 

The following are ofBcinal : Ferri eitras, feiri et ainnwnii citras, 
Jerri el quinice cilras, Jerri et strychnia citras, Jerri et ammonii tar- 
tras, Jerri et fiotassii tarlras, sxiA Jerri fyrofihosplias. 

Physiological. — Iron is a normal constituent of the body, especially 
the blood corpuscles, where it performs an important function, as is 
shown by the great increase of blood corpuscles and of bodily vigor 
attending its administration. Many of its salts, especially the ferric 
salts of the mineral acids, are astringent and hemostatic. Iron i; 
eliminated by various organs, but is mainly discharged by the boweli 
as sulphide blackening the faeces. 
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Teslsfor Iron. — Ferrous sai/s are usually grei^n ; with NHjilS they I 
give a black precipitate of FeS. 
Ferric Salts are usually rcif; they give a black precipitate with 
. NH,HS ; a black precipitate with tannic acid ; and a blood-red with ' 
L sulphocyknate of potassium, 

F COBALT.— Its chief ore is a compound with arsenic, sold under ' 
the name of cobalt or flystone, for poisoning flies. Its salts are used 
in preparing sympathetic ink, for when free from moisture they a 
deep blue, but almost colorless when moist. Writing done with 
dilute solution of chloride of cobalt Is invisible until warmed, when 
it becomes blue, the color disappearing when the paper is cooled o 
moistened. 

Test for Cobalt. — It imparls a deep blue color to a bead of glass o 
borax melted in the blow-pipe flame. 

NICKEL. — This is a hard, grayish-white metal that does not tarnish I 
in the air. Used to electro-plate instruments made of metals more I 
prone to corrode, and to make cheap coin. Mixed with brass, it forms 1 
German silver.. 



XL The Copper Group, 

Copper (Ck/j-hw) Cu .■..., 63.4 

Mercury {Hydrargyrum), . . Hg 200 

Each of these elements is univalent and bivalent, forming two classes 
compounds, " ous" and "ur." At ordinary temperatures they a 
acted upon but slowly by the non-oxidizing acids, as HsSOi and HCl; 
but HNOs attacks them vigorously. 

COPPER is usually found combined with sulphur, etc., but often ii 
e metallic state, especially on the southern shores of Lake Superior. ' 
£eing found free, it was among the first metals wrought by m: 
the bronze preceded the iron age. Copper is a red malleable meta!; 
1 excellent conductor of electricity. 

CupRic Sulphate— CuSO,—fl/«f Vitriol, Blue Stone. — Obuined 

, an ingidenial product from silver refineries, copper mines, etc.; 

made experimentally by heating copper with strong H^Oj. Forms 

beautiful blue crystals, soluble in water, but insoluble in alcohol. If 

the crystals be heated they lose their water of crystallization and form 
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a white powder, which becomes blue again upon the addition of w 
Hence, used as a test for water in alcohol. Like other salts in wiutit 
the acidulous radical |iredomi nates, cupric sulphate is astringcat and 
coagulates albumen. A prompt emetic, but not used as much ai 
ZnSO,, because if, by chance, il be not all ejected from the stomach, 
a gastro -enteritis is liable to be set up. 

Cl/PHlc Hydrate— CuiHO — is formed as a bluish-white precipitatt 
whenever a soluble copper salt is treated with a soluble hydrate, Ql 
CuSO, -f 2KHO :=K,Saj + CuaHO. 

When heated, even under water, it decomposes — 
CuaHO = CuO + H,0. 

COPRit Oxide— CuO—^/ofjJ Oxide. — Prepared by beating copper 
turnings in air. It gives up its oxygen easily, hence used as an oxid- 
tier in organic analysis. 

CorRous Oxide — Cu,0 — Suboxide. — Made by boiling the cupric 
oxide with an oxidizable substance, as glucose (copper tests for glu- 
cose), which is oxidized at the expense of the oxygen of the cupric 
oifide. The precipitate is first yellow (hydrate), but soon becomes a 
bright red (oKide). 

Cupric Suuacetate or Oxyacetate — sometimes called verdigris 
(green-gray) — is made industrially by exposing plates of copper to the 
acetic fumes of grape husks, etc. It is apt to be fonned whenever 
fruits containing acetic acid are placed in copper vessels. 

Tests, — I. Plating Test. Dip into the suspected solution 3 
electro-positive metal, as iron, and a plating of metallic copper will 
be deposited on the iron, an equivalent proportion of which t 
the place of the copper in the solution. 

3, Sulphur Tesl. Add H,S or NH.HS, and if copper be pres 
black precipitate (CuS) will be formed. 

3. Ammonia Text. Add ammonia, and if copper be present a 
blue ammonio-sak of copper will be formed. 

4. Arsenic Test. To the ammonio-salt, described above, add an 
aqueous solution of AsjO,, and a green precipitate of arsenite of cop- 
per (Paris green) will be thrown down. 

5. GlucoseTest. Add KHO, [CuSO.+ 2KH0= K.SO. + CU2HO) 
and boil (CuiHO = CuO + H,0), with a little glucose, and a yellow- 
ish-red precipitate (Cu,0) indicates copper. 
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above described, that a 
reagent is as good a test 
rsenic and glucose, being 
as good tests for copper . 



It will be seen from the last t' 
substance acted upon characteristically by a 
for the reagent as the reagent is for it — /. e., a 
acted upon characteristically by copper, are 
as copper is for them. 

Physiological. — Canned fruits, pickles, etc., that have been colored \ 
green with copper, and food, especially if acid, that has been cooked J 
or kept in copper vessels, are apt to produce an acute gastro-enteriti: 
Chronic copper poisoning, so called, is perhaps always due t 
other substances, as lead or arsenic, and should be treated accord- 
ingly. 

yinft'iAj/« for aculecopperpoisoning: Encourage vomiting and give I 
albumen (white of egg), which combines with the copper salt to form T 
an insoluble albuminate; or iron filings, which will precipitate the | 
copper in metallic state. 

MERCURY is the only metal liquid at 
resembles silver in appearance, hence the 
silver) and quicksilver (fluid silver). It is 
so heavy (specific gravity 13.56) that iron 
and stone float upon it as corks on water. 
(Fig. 37 represents a marble and a ball of 
iron floating on mercury.) It does not tar- 
nish in the air unless contaminated with 
baser metals ; dissolves all metals, except 
iron, to form amalgams. 

Uses. — Metallic mercury is used extensively 
and gold, in thermometers and other instruments, 
mirrors, and in many other branches of the arts, 
rubbed up with various excipienis until globules 
forms several officinal preparations. Rubbed with chalk it forms 
" gray powder," hydrargyrum cum creta ; with confection of roses and 
licorice powder it forms "blue pill,"/i7K/a hydrargyri ; and with lard 
and suet it forms " mercurial ointment," unguentum hydrargyri. TTie 
therapeutic activity of these preparations is not due to the metallic 
mercury they contain, but to small quantities of mercurous oxide 
formed by the oxidation of the finely divided metal. So iheir strength 
varies with the thoroughness of the rubbing, the extent of the expo- 
i sure, and the age of the preparation. 




the refining of silver 

, with tin in silvering 

Metallic mercury, 

!ase to be visible. 



Mercurous Iodide— Hgl — l^olo-iodiiie. Gnen Iodide, HyJrar- 
gyri lodidum Viride, U. S, P.^Made by rubbing together chemical 
equivalents of mercury (loo) and iodine (127) until they combine and 
form a green mass. 

Mercukic Iodide— Hg I,— Jwwrf/d'ff, Red Iodide, Hydrargyri 
lodidum Rubnim. — Made like the above, except that two equivalents 
of iodine (twice 127) are employed. 

Both the iodides, being insoluble, may be precipitated by addii 
solution of KI to a solution of mercurous salt for the 
curie for the other, thus : — 



1 

ydrar- I 



HfiNOj -]- KI = llgl + KNOj and 
HgiNO, + 2KI = Hgl, + aKNO,. 



The mercuric iodide is dissolved by excess of eithet the HgaNI 
the KI. In precipitating, mercuric iodide is first yellow, but rapidly 
becomes red. If some of the dry red powder be placed on a sheet of 
paper and warmed over a. lamp, it changes back to yellow, but on 
shaking or rubbing ihe red is restored. These changes in color are 
due to changes in crystalline structure. 

Mercurous Nitrate — ^HgNOj— is formed when mercury is treated 
with cold dilute nitric acid. 

Mercuric Nitrate — HgiNOj.— ..4ni/ nitrate of mercury is formed 
if the mercury be boiled with strong nilric acid. Like all nitrates, both 
of the above are soluble. It enters into the liq. hydrargyri nitratis, 
U. S. P., and " citrine ointment," vng. hydrargyri nitratis, U. S. P. 

Mercurous hiuLPHATE— Hg,SO,— is made by digesting sulphuric 
acid with excess of mercury. 

Mercuric Sulphate— HgSO, — is made by heating mercury with 
excess of sulphuric acid. A white, crystaihne salt, used in some 
forms of galvanic batteries. When diluted with water it decomposes 
into an acid salt, which remains in solution, and a yellow precipitate 
of oxysulphate, HgSO,.2HgO, called " turpeth mineral," hydrargyri 
subsulphasfiaviis, U. S. P. 

Mercurous Chloride — HgCt — Calomel, mild chloride, Hydrar- 
gyri Chlotidum Mite, U. S. P.^s made by heating mercurous sul- 
phate with sodium chloride {Hg,SO, + 2NaCl = Na.jSO. + 2HgCl), 
when the mercurous chloride sublimes and is condensed in a ctxrf 
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Calomel is a white, insoluble powder. Exposed to light il is slowly 
decomposed (iHgCl — Hg + HgCl,). With aqua regia, apd more 
slowly with other soluble chlorides, it is converted into mercuric chlo- 
ride. Calomel probably passes through the stomach unaltered, but is 
converted into the mercurous oxide by the alkaline fluids in the small. g 



ntre: 
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Mercukic Chloride — HgCI, — BickloriHe of Mercury, Corrosive 1 

Sublimate — is prepared by sublimation from a mixture of mercuric \ 

sulphate and sodium chloride, thus : — 1 

HgSO, 4- 2Naa = Na,SO, + HgCl,. I 

Il is crystalline and soluble, with a disagreeable styptic taste, and is I 
very poisonous ; much used in antiseptic surgery. I 

Mercuric Ammonium Chloride — AmmoniaUd Mercury, WhiU I 
Precipilale, U. S. P.— F"ormed by adding ammonia to a solution of \ 
mercuric chloride ; mostly used in ointment. It is a double salt of J 
mercury and NH,, a derivative of ammonium. Its composition is that \ 
of NH,C1, in which two atoms of H are displaced by one of Hg, I 
forming NH,HgCI. The ammonio-sulphate of copper previously I 
described has an analogous composition. I 

Mercurous Oxide — Hg.O— i9/ac-6 Oxhie of Mercury — is made by 1 
tating a mercurous salt with a soluble hydrate, as — 1 

aHgCl + 2KHO = Hg,0 + jKCI + II,0. I 

seldom used in medicine. J 

Mercuric Oxme — HgO— /f^rfor Ye/imv Oxide.— Vfhen prepared I 
by decomposing mercuric nitrate by heat, it is crystalline and of a red 1 
Color {kydrargyri oxidum rubrum, U. S. P.) ; but when made by pre- 1 
'Cipitating a mercuric solution with a hydrate, 

HgCl, + 2KnO = HgO + aKCl + H,0, 

it is an amorphous yellow powder {kydrargyri oxidum flavum, U. S. P.). I 
The yellow variety, being amorphous and more finely divided, Is less I 
gritty and has greater therapeutic activity, I 

OI.EATE OF Mercury is made by warming the yellow oxide with I 
oleic acid. A liquid or semi-solid. Applied to the skin it is rapidly I 
ftbsorbed. \ 

Mercurous Sulphide— Hg.S — is an unstable compound, which 1 
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solution 



— HgS — falls as a black precipitate when a 
sated with a. soluble sulphide. It is found in 
nasses called cinnabar. By certain processes 
s a deep-red crystalline powder, called ver- 
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falls as a black precipitate when a 

a soluble sulphide. 

Mekcoric Sulphidi 
mercuric solution is tn 
inttiirc in crystalline r 
it may be obtained a 
milion. 

Tents. — These consist in adding to the suspected liquid solutions of 
salts containing radicals capable of uniting with mercury and formJDg 
precipitates of the foregoing insoluble compounds. But the ^a/vani\- 
liii is perhaps the best for clinical purposes. On a gold or copper 
coin put a drop of the suspected solution acidulated with HCI, and 
with a piece of baser metal, as a icnife blade, touch the coin through 
the drop of fluid, Mercury, if present, will be deposited on the coin 
in a silvery film. 

Physiohgkal. — Acute poisoning occurs from swallowing a single 
large dose of some of the mercuric compounds, especially corrosive 
sublimate. The minimum fatal dose of corrosive sublimate is three 
grains ; of white precipitate and turpeth mineral forty grains. Children 
tolerate mercury much better in proportion to their age than adults. 
The symptoms are those of severe gastro-enteric irritation. Give 
albumin, with which it forms an insoluble compound. Iron filings 
also act as a chemical antidote by decomposing the salt, taking 
the acidulous radical and depositing the mercury in the metalhc 

C^rn/(JV poisoning is often called, from its most prominent symptom, 
salivation or plyalism. It usually occurs from small, but often repeated 
doses of the mercurous preparations, as blue pill, calomel, etc. One 
of the first symptoms is a delicate red line along the margin of the 
gums, then comes a metallic taste, abdominal pains, nausea, vomiting, 
dysenteric diarrhcea, profuse flow of saliva, fetid breath, fever, e 
tion, and paralysis. Sphacelation of the mouth and lips si 
occurs. The treatimnt is to stop the ingestion of poison, and give 
some astringent, as tannin. 
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Xll. The Silver Group. 

SILVEK {Aigen/UHi), Ag loS 

Gold (Aurum) Au 197 

Platinum Pi '944 

These are heavy, bright metals, not easily corroded, rare and very I 
valuable. Silver is univalent : gold, trivalent ; and platinum, quadri- ] 

SILVER ociurs free, but often as a sulphide associated with lead in ] 
galena. A white, malleable, ductile metal, capable of a high polish ; 
best known conductor of electricity ; dissolved readily by nitric 
not by hydrochloric or sulphuric acid, except by the aid of heat ; does I 
not tarnish in air unless ozone or H,S be present. 

tfieii to plate mirrors and articles made of the more corrodible I 
metals ; alloyed with copper as coin ; for tubes, sutures, etc., in 
f[ery, for it does not corrode and irritate the tissues, 

I> Silver Nitrate — AgNO^ — Argenti Nilras.XJ.'&.'P., Lunar Caustic, ! 
WifoVby the action of nitric acid on silver.. If coin silver be used, 
pie solution is blue, from the presence of copper. Silver nitrate is a 
crystalline salt, very soluble. Its taste is acrid, and in large doses it 
Kcts as a corrosive poison, destroying the tissues by coagulating their 
albumin. For use as a cautery it is fused and moulded into sticks. 
SiLVCK Oxide — Ag^O — is precipitated as a brown powder on treat- 
ing a solution of silver nitrate with caustic potash or soda (zAgNOj + 
2KHO = iKNO, + Ag,0 I- H,0). Slighdy soluble in water. The 
Other salts of silver are insoluble, and made by precipitating a solu- 
Ltion of silver nitrate with a solution containing the appropriate radical. 
Silver Cyanide — AgCN, 

AgNO, -1- KCN = AgCN 4- KNO,. 
While precipitate, soluble in ammonium hydrate. 
Silver Chloride— AgCI." 

AgNO, + NaCI = AgCI + NaNO,. 

■ « There nre three insoluble chlorides, tIi., PbCI,, HgCI, ami AgC], They 
"My be distinguished by Bmrnonia, which dissolves AgCI ; lilacVens HgQ, and 
" -o eflect on PbC^ 



: acid, but freely aolul 



J2 KSSENTIALS c 

White precipitate; insoluble in 
immoniuni hydrate. 
Silver Bromide— AgBr. 

AgNO, + KBr = KgBt + KNO3. 
Yellowish- white precipitate ; slightly soluble in ai 
Silver Iodide— Agl. 

AgNOj + KI = Agl + KNO,. 
Yellow precipitate ; insoluble in ammonium hydrate. 




Effects of Li,^ht. — Light decomposes salts of silver, especially if 
organic matter be present, depositing metallic silver in a fine, black 
powder, hence their uses in photography, and in making indelible 
inks, hair dyes, etc. The black stain of silver on the hands or clothes 
may be removed by potassium cyanide or by applying tincture of 
iodine and washing in ammonia-water. When persons have taken 
er salts for a long time, it sometimes occurs that the tissues, 
especially the skin, are permanently darkened. This is due to the 
decomposition of the silver salt under the influence of organic matter 
and light. 

Poisoning occurs mostly from swallowing the nitrate, which is the 
only soluble silver salt. It is a severe corrosive poison, destroying 
tissues by coagulating their albumin. Its best antidote is a 
soluble chloride, as common salt, which forms the insoluble silver 
chloride. Albumin is also a good antidote. 



GOLD occurs widely, but sparingly distributed ; always free, mixed 
with sand and quartz, from which it is separated by agitation with 
water or by dissolving it out with mercury. It is a soft, bright, yellow 
metal ; so malleable that it may be beaten into sheets (gold-leaf) less 
than one two-hundrcd-thousandlh of an inch in thickness. These 
t green liglit. For coinage and general use gold Is usually 
hardened by the addition of copper or silver, the amount of which is 
indicated by the term carat fine. Thus, pure gold is Iwenty-four 
:arat, and eighteen, sixteen, and twelve carat' signify so many twenty- 
Fourths of pure gold. 

Gold does not tarnish in the air; is unaffected by any single acid, 
; acid {aqua regia) easily dissolves it, forming auric 
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chloride t AuCla, a caustic salt, which is sometimes given as a nerve 
tonic and aphrodisiac. Dose, one-twentieth to one-tenth of a grain. 

PLATINUM, occurs free, associated with the allied metals, palla- 
dium, rhodium, ruthinium and iridium. Owing to its scarcity it is 
almost as costly as gold. Resembles silver in appearance ; can be 
melted only with very great difficulty, and very few substances cor- 
rode it ; hence it is used to make vessels that are to be exposed to 
very high heat or to contain corrosive chemicals. Platinum wire is 
also used in flame testing. 

Platinum readily dissolves in nitro-muriatic acid, forming plaiinic 
chloride^ PtCU, a valuable reagent for potassium, ammonium and 
alkaloids. 

In the table of the elements are given the names, symbols and 
atomic weights of many substances that are as yet of little or no 
medical interest, and have therefore not received special description. 
They are rare elements, widely distributed but in minute quantities. 
Some of them are of considerable scientific interest. Molybdenum, 
as ammonium molybdate, forms a valuable test-reagent for phos- 
phoric acid. Osmium, as osmic acid, OSO4, is used in microscopy. 
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PART II.— ORGANIC CHEMISTRY. 



Formerly organic chemistry was defined as the chemistry of the 
compounds produced only by oi^nized life. Gradually this defini- 
tion has been abandoned, for with the increase of chemical knowledge 
many substances identical with the animal and vegetable products 
have of late years been made in the laboratory without the.aid of the 
vital force, and probably, if their chemical constitution were fully 
understood, all animal and vegetable products could be duplicated arti- 
ficially. However, chemistry has not, and probably neverwill, produce 
an organised 'boAy, i. c., one having an anatomical, cellular structure. 

It is a noticeable fact that every organic compound contains carbon. 
Hence, organic chemistry is now defined to be " the chemistry of the 
carbon compounds," and the following pages maybe considered a 
resumption of the study of that element. 

Though carbon forms compounds of infinite number and extreme 
complexity, it is- with tl\e aid of a very few other elements, v'n. : hydro- 
gen, oxygen, nitrogen, and occasionally sulphur, phosph 
iron — sometimes others ; hut the larger number of even the artificial 
compounds contain only the above-named elements. This is due to 
the fact that the carbon atoms possess, in the highest degree, the power 
of lombitting with each other and interchanging valences, forming 
groups or chains around which the other elements are arranged. But 
for this power carbon could form only one saturated compound with 
hydrogen, CH.. Carbon being quadrivalent, the compounds CiHj 
and CtH, would be unsaturated. Experiment, however, proves that 
they are saturated compounds. The explanation is that the carbon 
atotns combine with each other, mutually neutralizing one or more 
valences, thus: — 



4 



H 

kH— C— H; 



H H 

,i ,1. 



H H n 
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It will be observed that these formula have a common differenit" 
of CHj. They arc said to form a homologous series. When the c 
bon remains the same but the hydrogen differs by H,, Ihe series 
said to be iselogous. 

In the following examples each vertical column represents a 1 
mologous, each horizontal line an isologous series : — 



C H^ 


C H, 


C 


CjH„ 


C,H, 


CiH, 


C.Hs 


C,H, 


CjH, 


c,ti,„ 


C^H, 


C,H, 


CsH,, 


C^Hj, 


CJi. 



Without this arrangement in series, it would be impossible t 
remember the composition of organic substances. 

In systematic works on organic chemistry, these series form the 
basis of class! ii cation ; but as this necessitates mentioning thousands 
of bodies of no medical interest, it would be impracticable in 
like this. We shall therefore adopt the following ; — 



Hydrocarbons and their deriva- 

Alcohah. 

Ethers (including oils and fats). 

Aldehydes. 



Organic acids. 
Carbohydrates (sugars 

starches). 
Clucosides. 
Ammonium subsiiluHons. 



Natural alkaloids. 

Hydrocarbons are compounds of carbon with hydrogen, 
these CH,* is the type froin which all the other members of this class 
may be regarded as derived in isologous or homologous series. 
Petroleum is a mixture of the homologous derivatives from the first 
(CH.) to about the sixteenth (C„H„). These are separated by dis- 
tilling the crude oil. Those having the smallest molecules, being 



* CHj, methane, marsh gas or Hgkl carbuTttted hydrogen, 
coal (illuminating) gas, and is also formed by the decomposition of vegetable 
matter under water, as in marshes. It occurs sometimes in coal mines (fire 
damp) where, mixed with air, it causes Fearrul explosions. Made in laboratory by 
heating a mixture of four parts each of sodium acetate nndsodmm hydrate with 
six parts of lime in powder. It is colorless, almost odorless, : 
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lightest, pass over first, forming naphtha, binzine, etc* As the heat * 
is increased the medium-weight compounds come over next, forming 
■i^osene. The residuum consists of the heaviest carbohydrides, which 

1 be distilled only by high heat, forming lubricating oil, -vaseline' 
paraffine, etc. All the lighter products are liable to give off vapors 
which, mixing with air, are explosive. In most States it is illegal t( 
sell kerosene which gives off an inflammable vapor (■' flashes ") below | 
100° F. 

The TuRPENE series begins with tritone, CjH,, but it is the eighth 1 
member, CiuHu, that is of medical interest, for this represents the I 
composition of most of the ■volatile or essential oils. These variout J 
oils (of lemon, orange, cloves, pepper, lavender, bergamot, etc.), J 
though having differences in chemical and physical properties, all fl 
have the same composition, CmHia- 

Such bodies are said to be isomeric {iao^, equal, /icpo^, part). 

Volatiie oils are found in plants, especially the flowers, of which J 
they are usually the odorous essences (hence called also essential oils). 4 
Obtained by distillation from flowers, etc. Very slightly soluble ii 
■X {aguis), but quite soluble in alcohol (spiritus). A cologne is an 
Alcoholic soiution of an assortment of volatile oils. 

Turpentine (oleum ierebinthina, U. S. P.) is the most important of 
■the volatile oils, and may be taken as a type of the class. It is a thin, 
colorless liquid, a valuable solvent of oils and resins ; absorbs oxygen 
and stores it up as ozone, gaining thereby oxidizing, antiseptic, and 
; disinfectant properties. By the action of concentrated sulphuric acid, 
turpentine is changed into lerebene (CuH,,), a valuable remedy for 
bronchitis and flatulence. 

On exposure to air the turpenes oxidi/e with the production of resins 
»Dd camphors. 

SINB are a numerous class, many of which are true acids. Soluble ( 



Rhigoline 




boils 


at 32° F,, used as spray for anscsthesia. 


Gasoline 






119° F., ■' for making '• air gas." 


Naphtha 






210° F., ■' " dissolving fals and rubber. 


Benzene 






300° F., •' " varnishes and paints. 


Ker^ne 






350° F., " " ordinary lamps. 


Mineral spetm 


nil " 


425° P., ■' " lubricating machinery. 


Lnbricatini 


oil 




575° F., ■■ " " 




U. 


S. P., 




rarafline, 






solid, " " candles, etc. 



I 

I 




KO BAKXIIALS or CBEKETKT. 

IB alcohol twt uuolaUe in wtfcr, exccpc br tbe □ 
alkafi. wiA wUch Atj wiO anke to fom mIi 

The aOdaal rean {raatm, U. S. P.) h fanned b^ tbc o 
'Urpeadoe as k ontdes fimn Ae ptne Dec 

ScrfadoBs of sbtllac maak. ca|ial and odwn »T used as Tamebes. 

In ibe Damral suic resins aie nsvaDr mixed «iihfMbers)d)staBCB.* 
Mixed with volalile oib ther fbni aiem-reimi aad iaAuMf, ^.^^ 

bcnioin. lolo, and balsam of Pem, ajwl sith j^ >.j;"» 'tiiwi. £.^^ 

amoianiac, in;rrh and a&afcetida. 

Camphors. — Cornmen campker — CbHmO — oboined frooa dwcaa- 
pbor Uurel, b a wbite. crystalline, votsdle sofid of a pecafiar pan^Di 
order ; idtghllr solable in water {aqtia camplurw, U. S. P.), aod &celj 
soluble in alcohol {taut, camphora) and ctfaei-. 

Monobromated campkor—fl^^Ki — used in o 
live, ii foimed by sabsdiiniDg one atom of bFomine for oi 
in ordinary camphor. 

Menthol is a camphor-like body found in oil of peppermint, and 
pOMCSscs the odor of that plant. 

CaouUk^iC, or India-mbber, and gutta-percka are inspissated juices 
of cett^n tropical trees. Caoutchonc is elastic -. giilta-petdia b noL 

* Proximate anu Ultimate Principles. — Most or^wic bodies in Ibeit 
natnrat Male are miitores of sereral difierenl saletances. These ^Ktances 
that natoraJlj exist, miied logeiher lo foTni a body, are called iAfraximatt 
firimiflfi. The sc^nratioD of tbese naallaed is cMtA frvximate anafytti. 
DHTereM meUiodi most be devised for different sni&tuices. For ciunple: 
Take * piece of salable tirauE contniniDg woody fibre, starch, sugar, lesiii, 
and TOlatile oil. The oO is removed by a geolle heat ; the resin is di^oived 
onl by alcobot; ihe sugar by cold water, and [be starch by txHllng in water, 
lea*ii)g the woody fibre. 

The litlimaU principlei of a body are the elements (carboo, hydrogen, etc) 
of which it ii composed, and the recognilion and measurii^ of these is «//!Maa<r 
anaJyiii. This, while requirrDg corelul inanipnladoii, is simple in principle 
Tt>e body i> bmned with a full sunily of oxygen, conveitiiig Ihe carbon into 
CO, and Ihe hydrogen into H,0. These are collected and weighed, and the 
(joanliliei of caibon and hydrogen in them are calculated. 'Die amoanl ol 
oxygen, if any, ii determined \ij subtracting Ihe snm of the Carbon and hy- 
drogen from the wdghl of the original body. For example : 46 grains ci 
alcohol (C, H and OJ bumed complelely makes : — 

S& graini of Q3, equivalent to 24 grains of C. 

54 gTaiu of fl^O eqnivalenl to 6 grains of H. 

46 grains alcohol, minus 30 grains (24 -{- 6), = 
The less common elemenls, chlorine, nitrogen, snlphur, phmyhonw. d 
determined by special methods. 
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Both are hardened (vulcanized) by combining with sulphur. They 
are unaffected by most chemicals and solvents. Chloroform is their 
best solvent, 

AlooholB. — The Alcohol Radicals are a homologous series of u 

valent basylous radicals, so called because they are the bases of the 

lost important alcohols. TTieir compounds are numerous, and en 

largely into the materia inedka. In the following table a few of these 

compounds are given : — 



\ 



Methyl, CK, 

Blhyf, C,H, 

Propyl, C,H, 

Bulyl, C.He 

* — 1, CsHji 

'I. CH„ 



CHjHO (CH,),0 LH.nu, 

QHiHO (CiHij.O QHeNO, 

CjH-HO iCH.l.O c:,H,NO, 

C.HjHO fC,H,liO C.HtNO, 

CjHiiHO fCsH,,)^ I C(H„NOj 

CiHisHO (C„H,b)^ I C,H|,NOs 



Examples of Con- 



(C,H,},SO, 
(C,H,),SO, 
(C,H,),SO, 
(CbH,J.SO, 






CH,0. 



In the formation of these compounds the starting-point 
"^dtcals, but their hydrates, the alcohols. When an alcohol 
with a limited supply of oxygen, two atoms of hydrogen ar 
and no oxygen is added. This forms the aldehyde, thus ;— 



s oxidized 
; removed 



inhyL 




rffthyl 



CHjHO + O = CII,0 + \\p. 

there is a full oxidation, an atom of oxygen takes the place of the 

of hydrogen removed, and forms the corresponding acid, 



• Methyl Forniic 

CH,HO + O, = CH,0, + H,0. 

In the formation of aldehydes and acids the radical supplies part 
of the hydrogen removed and loses its identity. As part of the 
hydrogen in an acid forms the positive radical, it is written first ; e. 
formic acid is written HCHO,, instead of CH.O,- The various other 
compounds of these radicals are called ethers ,- the oxides being called 
simple ethers, the others compound ethers. They are generally formed 
by treating the appropriate alcohol with the appropriate acid. 

Methylic Alcohol— CHjHO — IfuDrf Naphtha. Wood Spirit, 
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JVood Alcohol, Pjlroligneous Spirit, Methyl iIydrate-~Aa<ts not esist 
in nature. Made by the destructive distiltation of wood. The com- 
mercial article has a very disagreeable odor and lasle from the pres- 
ence of tarrj- matters, etc. ; but when pure, melhylic alcohol resembles 
ordinary alcohol in its properties and physiological action. It is not 
used in medicine, but is extensively employed in the arts as a solvent, 
as in the preparation of varnishes, etc. 

Methylated spirit is ordinary alcohol to which has been added 
one-tenth part of commercial methyhc alcohol to render it unfit for 
drinking, and thus relieve it of the heavy* tax imposed upon alcoholic 
beverages. 

Ethvlic Alcohol— CsHsHO—£'M_y/ Hydrate, Spirits ef Wine, 
^mc Alcohol, Alcohol. — Alcohol does not exist in nature, but is pro- 
duced in a number of reactions. Liquids containing it (wines, etc.) 
have been known from the remotest antiquity, and are obtained by 
allowing liquids containing glucose (grape sugar) to ferment. 

GliitMC. Aicohol. Cdrbot. Diiiiidc. 

C,H|,0, =2CjHsH0 + aCO^. 

The alcohol is then separated by distillation, for, being more vi 
tile than the water, it passes over first. 

Commercial alcohol always contains water, and when pure or abso- 
lute alcohol is required, the commercial article is mixed with some 
substance which is very avid of water, as quicklime, and then again 
distilled. 

Alcohol is a hght, colorless liquid, of a plea'sant, pungent odor and 
burning taste. Has a great affinity for water, which probably accounts 
for its preserving animal tissues and coagulating albumin. 

It is largely used in the arts and in pharmacy, principally as a sol- 
vent, but also in the manufacture of various substances, as vinegar, 
chloral, chloroform, iodoform,* ether, etc.; and as a fuel when a hot 
and smokeless flame is needed ; and as a menstruum in the prepa- 
ration of tinctures and spirits. 

Alcoholic solutions of iixed medicinal substances are called tinc- 
tures; those of volatile principles, spirits. 

Alcohol is employed in various forms and degrees of concentration. 

• Experimem.— To test for alcohol in a solution : Wnrrn ; add a few scales 
of iodine, and then caustic potash until the color is di.schargcd. On cooling, 
yellow scales of iodoform ore deposiled. 
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Absolute alcohol is rarely employed. Alcohol fortius , U. S. P., stronger 
alcohol, contains gz per cent, of alcohol. Alcohol, U. S, P., is the 
ordinary rectified spirit, and contains 85 per cent, of alcohol. Alcohol 
dilu/um, U. S. P., diluted alcohol, is made by mixing water and alco- 
hol, equal parts. 

Spirilus frumenti, U. S. P., whisky, and spiritus vini galltci, U. S, 
P., brandy, are obtained by distillation ; the former from fermented 
grain, and the latter from fermented grape juice. They contain about 
50 per cent, of alcohol. They are colored by the addition of caramel 
(burnt sugar). Their flavor is due to small quantities of other alcohols 
produced in the fermentation, and to certain ethers formed from these 
alcohols, especially as ihe liquor " ages." 

A large class of alcoholic beverages are made by fermenting 
various liquids containing sugar or some substance capable of con- 
version into sugar. 

Beer, ale and porter are infusions of malted grain, fermented and 
flavored with hops. They therefore contain the soluble constituents 
of the grain. Their alcoholic strength is about 5 per cent. Wines are 
prepared by allowing grape juice to ferment. The alcoholic strength 
of the different varieties varies from 10 to 25 per cent. Sherry {^inum 
Xericum) and port {vinum rubnim) are the only ones officinal. Cider 
is the fermented juice of the apple, prepared very much in the same 
way as wine is from grape juice, and contains about 5 per cRit. of 
alcohol. It is very prone to acetous fermentation and liable to 
produce colic and diarrhcea. 

Alcohol, when concentrated, abstracts water from the tissues and 
coagulates their albuminoid constituents, and is a poison. In full 
doses {always best with food") it produces a sense of warmth in the 
stomach, general comfort and exhilaration, followed by incoherence 
of ideas and impairment of muscular coordination. Taken habitually, 
in any of its forms, it impairs the mental and moral force of its victim 
and produces in Ihe various organs, especially the liver and kidneys, 
the degenerative changes characteristic of chronic alcoholism. It 
should never be taken in health, but as a medicine it is the most 
valuable of stimulants. In cases of acute poisoning by alcohol, the 
stomach and bladder should be evacuated, and the depression (coma) 
counteracted by strong coffee, the cold douche, and other stimulants. 

Amvlic Alcohol— CjH,, HO— .-/CTy Hydrate. Fuse! O//.— This Is 
a heavy liquid, soluble in alcohol but not in water, hence incorrectly 
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called an oil. It is produced in the fermentation of grain and pota- 
toes, and is the most deleterious impurity in common whisky before 
it has undergone the refining process. 

h has a penetrating, disagreeable odor, resembling that of mean 
whisky. Although not fragrant iiself, its ethers, when dissolved in 
ethylic alcohol, have the taste and odor of various fruits, and arc used 
in the preparations of artificial firuit essences.* 

The other alcohols of this series are of no medical interest. 

[;lycehvuc Alcohol — CjHisHO — Glycerine. — Being made fitm 
fats in the manufacture of soaps and candles, it has been callel 
{Srheele, 1779) *= "sweet principle of fats"; but it has no chemicil 
analogy to them, being the hydrate of the trivalent radical glyceryl. 
C,Hi, and therefore an alcohol. It is a colorless, odorless, sweei, 
viscid liquid, avid of water, neutral in reaction ; a solvent of a gresU 
many mineral and organic substances {giyrerites), ranking in this 
respect next to alcohol and water. Glycerine is used in medidne 
mainly as a solvent and as a local application. 

Nitrfiglycerine — C)Hi(NOj), — is formed by treating glycerine with 
nitric acid, It is an oily liquid and one of the most dangerous of 
explosive!. Mixed with fine silica (sand) it is dynamite. 

In medicine nitroglycerine is used as a heart stimulant. 

Phjinvl K\J:o\\o\.~ZMM^y— Phenol— Cariiolic ^■-f,;.— This 19 an 
alcohol, the hydrate of phenyl, C,Hj, a radical of the aromatic series, 
bill is called an acid because it combines with bases and forms bodies 
resembling salts (carbolaics or phenates). 

Carbolic acid is formed in a number of reactions, but the commerdal 
article is obtained exclusively from coal tar. It has a strong, dis- 
agreeable odor; occurs as white crystals, which melt on the addition 
of a sm^iU quantity of water ; reddens by age ; slightly soluble in 
water, but very soluble in glycerine, the solution being soluble in 
water ; st.iins skin and mucous membranes white by coagulating their 
albumin ; and is a corrosive poison. Albumin is its best antidote. 

Carbolic acid is a powerful antiseptic and disinfectant. Applied 
locally it is astringent, sedative, and even anaesthetic. 



sodium or polastii 
mixture, and the i 



a half drnchm of fusel oil in a test-tube add 
elaie and a few drops of sulphuric acid. War 
e of Binyl (essence of pear) may be recw^niicd 
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I' Carbolic acid and sulphuric acid will combine to farm sulpho- 
tarbolic acid (phenyl bisulphate, CoHsHSO,). Sodium svilphocarbolale, 
V. S. P., is a soluble salt sometimes used in medicine. 

Resorcin — (CbH,2H0). — Closely related to phenol, but a stronger 
antiseptic and much less poisonous. It occurs in soluble, colorless, 
odorless crystals of a sweetish taste. It is given as an antizymotic in 
diseases attended with fermentative changes and in the specific fevers. 
Creasote Is a complex mixture obtained from wood tar ; closely 
o carbolic acid in its properties and uses, but may be readily 
itinguished from it by being insoluble in glycerine. 
One of the constituents of creasote is guiacol, lii late used as an 
inhalation in phthisis. 

Mannityl Alcohol — CjHa6H0 — Mannite. — This is the principal 
ingredient in manna, a white, gummy substance exuding from certain 
trees. Mannite is a crystalline substance closely resembling glucose, 
except that it does not undergo the vinous fermentation, and does 
not respond to Trommer's or Fehling's tests. 

Ethers.— The simple ethers (osides) are the results of dehydrating 
two miiiecules of alcohol by means of sulphuric acid ; the compound 
ethers are made by treating the appropriate alcohol with the appro- 
priate acid. 

Ethyl Oxide— (CHs)^— .Sa//A«r;i: Eiher, Eiier.—E\her is made 
by distilling a mixture of alcohol and sulphuric acid ; * hence, the 
misnomer, sulphuric ether. 

A small quantity of sulphuric acid is capable of converting a large 
amount of alcohol into ether, for it Is unaltered in the reaction; in 
fact, the process might go on indefinitely but for the acid being so 
diluted with the water derived from the alcohol, as to Rnally slop the 
reaction. The sulphuric acid is said to act by its mere presence, by 
caUilysis : or, in other words, it acts because it acts, a ready but femi- 
nine way of explaining many otherwise inexplicable chemical and 
physiological phenomena. 



• Esperimenl.— Into a lai^e test-tube poor alcohol and half ss much sul. 
phuric iicid ; warm and note the odor of the ether evolved. Nest adapt a coik 
with delivecy tube, and slowly distill the elher \a\o ■ coal test-tube. )!y adding 
more alcohol the operation maj be repeated again and again. 
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e rationale b as follows : — 

C,H.UO + H,SO, = C,H,HSO, + H,0. 



1 



Ether is a colorless, very volatile liquid, of a peculiar odor, called 
tlhtreal. \x burns easily, and iis vapor, mixed with air or oxygen, 
explodes when ignited ; ■ so ether should never be used near, espe- 
cially above, a flame. Ether is a valuable solvent, and, as it evapo- 
rates very lapidly, it is used to produce cold.f But its chief use in 
medicine is as an anesthetic. Being less liable to paralyze the nerve 
cunlTcs. it is safer than chlorofomi. 

Ethyl Chloride^CHsCI.— //yrfroc^i/ow ether must not be con- 
foundi-d with the so-called chloric ether, which is an alcoholic solution 
of chloroform. 

Ethyl Bromius — CHjBr — Hydrobromk Ether. — A valuable 
uuestheiic, but not much used. 

Ethyl Nitrite— C,HsNO,—AV/ra«j Ether.— \i nitric acid be 
ireaied with copper or starch it loses part of its oxygen, being con- 
verted into nitrous acid (HNO-),*hich will imite with alcohol, forming 
nitrous ether and water, thus : — 

C.lIiHO -t- UNO, = C,H,NO, + 11,0. 

Nitrous ether isayellowish liquid, of an apple-hke odor and sweetish 
taste. It is used only diluted with alcohol, forming the spirUus ceiheris 
m'tyosi, V. S. I'., commonly called sweet spirits of nitre. 

AmVL NiTRiTt:— CHiiNO,.— Made like ethyl nitrite, except that 
amylic alcohol is used. Nitrite of amyl is a volatile, oily liquid, of a 
peciilinr odor, resembling thai of bananas. It is given by inhalation, 
especially in epilepsy, for which purpose it is put up in glass bulbs 
holding; about two drops. These arc crushed and inhaled during the 
»Hr». 

Chloroforu — Trichlormtlhime. — Methyl, having only one free 

* Experiment. — Put i dncbm of ether in %. dish and apply a flame. The 
T*(i0T, mixed with air, explodes ; the rest bums rspidly. 

f Experiment. — Set a test-tube of wjiter in ■ beaker of eiher. Blow air 
briskly ihtough the ether; the water will freeze. 
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being a by-product in certain technical operalions, is very cheap. 1 
is a colorless, volatile liquid, of a pleasant ethereal odor and swee 
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:, must give up two atoms of its hydrogen in order to combine 
with three atoms of chlorine, making the formula of chloroform 
CHCla. This is the most used of all the ethers. Chloroform i: 
by distilling a mixture of chlorinated hme, water, and ordinary alcohol, 
but of late is being made by a patented process from acetone, which, 
being a by-product in certain technical operations, is very cheap. It 
a colorless, volatile liquid, of a pleasant ethereal odor and sweet 
taste. It is heavier than water, and does not dissolve in it, but is 
soluble in alcohol and ether ; not easily ignited ; a good solvent for 
phosphorus, iodine, India-rubber, and the alkaloids. Chloroform is 
sometimes given by the stomach as a sedative, but most frequently 
administered by inhalation as an ana:sthetic, for which purpose it 
should be of undoubted purity. Pure chloroform is not colored by an 
equal volume of pure sulphuric acid, nor should its specific gravity be 
below 1.480. 

If chloroform be taken by the stomach, it being insoluble, i| 1 
absorbed very slowly; and its principal action is the local irrita- 
tion of the mucous surfaces. Recovery has followed a dose of four 

I ounces, and death has been caused by one drachm taken into the 

I ttomach. The vapor acts more energetically, and seems to owe its 
potency for evil to its paralyzing influence on the nerve centres, 
especially those of the heart. So chloroform vapor should never be 
administered except by a capable physician, and well diluted with 
atmosphere. However, death has occurred from the inhalation of 

Knoderate quantities of chloroform properly diluted, and ; 

■liands of careful physicians, and the autopsy revealed no heart ^ 

There is no chemical antidote for chloroform. When it has been J 
[ Owallowedi evacuate the stomach ; when inhaled, lower the head, give I 
r, employ artificial respiration, and apply the induced current. 1 
The poison is usually recognised by its odor. 
Iodoform — CHIj. — Made by the action of iodine and potash oa 
alcohol ; yellow scales ; insoluble in water, and of a safTron-like odor, I 
which is the chief objection to its use. Light decomposes it, giving it 
I • violet color. Iodoform is used on ulcers, etc., as an anaesthetic, 
t alterative and antiseptic. 

Fixed Oils and Fats.— These are ethers — combinations of glyceryl 
uC,Hs) with oleic, stearic, butyric, palmitic, and other fat acids. The 
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naunal btsaic miitnrtsof tbcse^* Tboee cowriimiBg OMsdy d 
of i^ycerjl (olem) are Sqoid. Waim-Uooded animab jield mostt^r 
sirfid ; cold-blbodcd, liquid ^O. Drying oils ^re sich as absorb oxygen 
Erom tbe mi and becoinie leanoos, «.^., liw«Mwl Many Eus paitiallr 
decompose on exposnre. producing free add. and becocne ramaJ. 
The fixed mb aie insolDble ia water, soluble in alcohol, rtber aad 
chlmYrfbnn. 

The compounds of the Euty acids widi the metals of the alkalies 
(K, Na.NHu etc.), are soluble and ate calledMu/i. The soaps fanned 
with the othei metallic radicals are insoluble and ususllf called jMu- 
tert. Lead plaster is offidnaL Soaps aie made by the lafieimifieatwii 
of a ^ with a caustic alkalL For example : — 

SleuiiK. SodiiiB Sannle. Gljvwc. 

(C;h,)(C„H„0,>, + 3N^O = 3N.C„H,0, + C^l^HOV 

When soap dissolves in cold water, it decomposes into an acid salt 
which makes the soapsuds and a small quantity of free alkali which 
does the cleaning. 

Aldehydes. — An unimportant class. They constitute the Btst step 
in the oxidation of alcohols into acids, vii., the removal of hydn^en 
(hence the name). Since nothing has taken the place of the hydro- 
gen removed, they are unsaturated and very prone to change, 
especially to take on oxygen and form the acids. 

Ethyl Aldehyde, mitic aldtkyde, or simply aldehyde'^ (CiH.O). 
is a colorless, volatile, acid liquid of a pungent odor. One of its 
modifications, called pitnildehyde, is used as a hypnotic, which unlike 
morphine is followed by no unpleasant effects, except a pungent 
odor to the breath, and, unlike chloral, does not affect the heart. 
Dose, 3ss-3j. 

Chloral. — If chlorine displace three atoms of hydrogen in ethyl 
aldehyde, it forms Iri-^hlor-aldthyde, or chloral (CHCliO), a colorless, 

* In " lanolui," tbe iat obtained (iDm sheeps* wool, the fat Bcidi are com- 
bined not with gljrceriae, but with ckolaffrine, C^H^HO, an excrementiliotu 
principle of animal bodies. It is a very absorbable base for oinlmcnls. 

t Eiperimeni. — To a liule bichromate and sulphuric acid miilure in ■ 
tcH-tube add a little alcohol; or bald a hot glass rod in a beaker Containing a 
her. The peculiar pungent odor is that of aldehyde. 
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heavy liquid. With a molecule of water this forms a white crystalline 
solid, called chloral hydrate, having a pungent but agreeable odor 
and taste. Warmed with an alkali it decomposes, thus : — 

L Clilora]. Sod, Fomulc. Chloroform. 

■ C,HCi,0 + NaHO = NaCHO, -|- CHCl^ 

^ Licbreich thought this reaction would occur in the warm alkaline 
blood and the sedative action of chloroform be obtained. Though 
mistaken in this, he found chloral hydrate a valuable hypnotic. The 
chloral habit is difficult to cure. In overdoses chloral is a poison, 
and cases are multiplying as its powers become better known, 
chemical antidote. Evacuate the stomach, give stimulants, and m 
tain the respiration and bodily warmth. 

Org'anic Acids. — These are regarded by chemists as the natural 
results of the oxidation of alcohols. But as most of them were 
covered before their relation to the alcohols was known, their na 
often have no connection with those of the alcohols. We take up 
[ only the most important. 

Acetic Acid.— HCjHaO,.— This is the acid of vinegar. Formed ii 
a great many reactions, but made mainly by the destructive distilla- 
tion of wood, or by the oxidation of ordinary alcohol. If wine, cider, 
or other alcoholic liquors be exposed to the air, a fungus {mycoder, 
aeeti) forms on the surface and acts as an oxygen carrier, and the 
alcohol is converted into acetic acid, thus : — 

CjHjIlO + 0, = HC,H,0, + H,0. 

; rapid process is to pass the alcohol through barrels filled 
with beech shavings. 

Acetic acid is a colorless liquid, of a pungent, sour taste and smell. 

When free from water (glacial) it crystallizes at temperatures below 

Acetic acid in dilute solution (vinegar) is much used for 

* domestic purposes. For medicinal use the crude vinegar is purified 

* by distillation, forming acidum aceticnin di/utum, U. S. P. 
As all the acetates are soluble, their best test is to add a strong acid 

and recogniie the acetic acid set free, by its odor. 

Benzoic Acid exists in many balsams and gum-resins. When 
benzoin is heated benzoic acid sublimes in silky needles of a pleasant 
balsamic odor. Or, if the urine of herbivorous animals be boiled 
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witli hydrochlotic add, the hippuric acid is converted into benzoic 
add. But the acid obtained from ihis source may be known by its 
urinous odor. It is now made by the oxidation of beniene, the prin- 
cipal constituent of coal-tar. 

CARBAzoTicorPicRJC Acid is ayellow substance, of a bitter taste. 
made by the action of nitric acid on carbolic acid. Used in the arts 
as a yellow dye. 

Carbolic Acid. — Already described among alcohols. 

Citric Acid exists in the juices of many fruits, especially the 
lemon. Foniis colorless crystals which are very sohible, and possess a 
sour taste. Many of its salts are used in medicine. 

Formic Acid — HCHOi— is the oxidation product of methyiic alco- 
hol. It was formerly obtained from the red ant {formica rttfd), but 
now made artificially. It exists in stinging nettle, pine needles, etc., 
and also in the stings of most insects. 

Gallic Acid. — When galls are moistened and exposed to the action 
of the atmosphere, the tannic acid they contain is converted into 
gallic acid. It resembles tannic acid, but may be distinguished by its 
not precipitating a solution of gelatin. 

Lactic Acid (lactis, of milk). — This is the acid of sour milk, where 
it is formed by the fermentation of the sugar of milk through the 
agency of the casein. It is also formed in the body by the decom- 
position of glucose, thus: — 

CjHijO, = aH,C,H,0, 

It is a S)Tupy liquid, of a very sour taste. 

Malic Acid {malum, an apple) exists ii 
cherries, etc., and very abundandy in gardt 

Oxalic Acid — H,C/).. — The acid and it 
plants, especially the sorrel (oxalis) grasses. 



many fruits, as apples, 
rhubarb, 
salts are found in many 
pathological 
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iditions it is formed in the body and eliminated in 
calcium oxalate. It is made in large quantities by the action of nitric 
acid on sugar, or of alkalies on sawdust. Oxalic acid closely 
resembles Epsom salts, for which it is sometimes taken by mistake. 
It Is a powerful irritant poison. Being cheap and largely used for 
ttmoving ink stains, cleaning copper, etc., poisoning by oxalic 
noid i« by no means mrc. Its best antidote is chalk, or some other 



compound of calcium, with which it forms a. very insoluble com-. ' 
pound. 

Ttsl. — Calcium chloride gives a white precipitate, insoluble in 
acetic, but soluble in hydrochloric acid. 

Pyrogallic Acid sublimes as white, feathery crystals when gallic 
acid is heated. Used in gas analysis to absorb oxygen, as a deoxi- 
diier in photography, and as a hair dye. 

Test. — A blue color with ferrous, and a red with ferric salts. 

Salicylic Acid. — Formerly prepared from salicin, but now made 
by a patented process from carbolic acid. A very pure acid may be 
obtained from oil of wintergreen, which consists mainly of methyl 
salicylate. This, treated with potassium hydrate, forms methyl hydrate 
(methyl alcohol) and potassium salicylate; and if to this hydrochloric 
acid be added, potassium chloride will be formed, and salicylic acid 
will fall in a mass of silky, white crystals. Salicylic acid is scarcely 
soluble in cold water, hence the salicylate of sodium is usually pre- 
_ scribed, which is not only more soluble, but less irritating to mucous 

?>,(/.— Intense violet with a ferric salt. 

Succinic Acid was (irsi obtained from amber {smcinum). but U 
I now made by fennenting malic acid. 

Tannic Acid, or Tannin.— This is the active principle of tha 
TCgetable astringents; usually obtained from oak galls; a greenish 
I or brownish powder, very soluble in water, of a rough, astringent 
L taste. It precipitates solutions of salts of the alkaloids and most 
' metals. It precipitates gelatin and other albuminoid substances, a 
r fitct that explains the process of tanning raw hides. With ferric solu- 
lin gives a black precipitate (black ink). 
Tartaric Acid — H,C,HA, or H,T.— Tartrates exist in the Juices of i 
ftnany fruits. Grape juice contains much acid tartrate of potassium 
(KHT), which, being very insoluble in an alcoholic menstruum, is 
precipitated on the sides of the cask whenever the wine ferments. 
This forms argol, ihe principal source of cream of tartar and tartaric 
acid. Tartaric acid forms colorless crystals, very soluble, and of a 
sharp, agreeable, sour laste. 

Valerianic Acid— HCsH.O,.— This substance was first obtained 

from valerian root ; but now it is made artificially by oxidizing amyli 

Lslcohol by means of sulphuric acid and potassium bichromate. 
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Valerianic acid is a colorless liquid, possessing the disagreeable 
of valerian. 

The Carbohydrates. — These substances are closely related to 
the alcohols, and by some classed as such. They are so named be- 
cause they contain carbon (six or twelve atoms), and the hydrogen 
and oxygen they contain are in the exact proportion to form water. 
They constitute the bulk of plants. They are divided into three 
groups :— 

1. Amyloses (CjHiuOi). which include celluhn, starch, dextrin, gly- 
cogen, gums, etc. 

2. Saccharoses {CnHaOu), including cane sugar, milk sugar, etc. 

3. Glucoses (C(HiaO«), such as grape sugar (glucose), fruit sugar, etc. 
Although the members of each of these groups differ widely in their 

physical and chemical properties, still they consist of the same ele- 
ments in exactly the same proportions and have the same formula. 
Such bodies are said to be isomeric. 

AMYLOSES — (C,H,„Oi).— Cellulin— Ce//tt/DJe, Ugtiin—Tonas the 
cell-walls and tissues of plants. Woody fibre, cotton, linen, and un- 
sized paper are almost pure cellulin. Dissolves in a solution of 
cupric oxide in ammonia. Acids precipilate it as a white mass, which, 
mixed with camphor and compressed, is celluloid. Unsized paper 
dipped into moderately strong sulphuric acid, washed and dried, has 
its fibres agglutinated, loses its porosity, becomes very tough, and is 
sold as artificial parchment for dialysers, diplomas, etc. 

Nitro-cellulose, or Gun Cotton, a powerful explosive, is cotton that 
has been dipped into a mixture of nitric and sulphuric acids, and then 
washed and dried. Its solution in ether '\?, collodion. "Wve. flexible 
collodion contains a little turpentine and castor oil ; the styptic col- 
lodion contains twenty per cent, tannin. 

Starch — Amylum — the most important member of the carbo- 
hydrates, and a valuable food : found in the roots, stems and seeds of 
all plants. Starch is a white powder, consisting of granules, formed 
of concentric layers, like an onion. These granules have all a simi- 
lar appearance. Yet those from different kinds of plants differ enough 
to enable one, by microscopic examination, to determine the source 
of any starch (Fig. 39). 

When starch is boiled the granules swell and burst, casting Q||9 




starch into the water, forming mucilage of starch, which is used for 
laundrying and for surgical dressings. Starcji is a very valuable ■ 
food. The best lest for starch is iodine, with which it forms a blue. 
Heat discharges the blue, but it returns on cooling. 

Dextrin — British Gum — is the gum used on postage stamps, etc. 
It may be made from starch in various ways, one of which is by heat- 
ing it to 300° F. It is very soluble, and gives no blue with iodine. ^^^ 

J^ (§ (| ^- V i^ J 

Ymsi Cells. 

Glycogen — {Generator of Giucose) — is found in the animal 
economy, especially in the liver. Like dextrin, it is a derivative of 
starch, but differs from it in being soluble, and giving only a 





color with iodine. It seems to be the form in which the carbohydrates 
are stored up, to be used by the system as necessity arises. 

Gums are a class of substances soluble in water, but insoluble in 
alcohol. A type of the class is gum Arabic. 

SACCHAROSES— C„H^„.— Cane Sugar— .fl^t-/ Sugar. Sucrose. 
Very abundant in the sugar-cane, sugar-maple, beet-root, etc. It is 
the most soluble, perfectly crystallizable. and sweetest of the sugars, 
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nnd the one most uied fur domestic purposes. Ii 
■ is Cftlird %impU symp i^sjrrupus Simplex), 

Milk Si'qar, as its name implies, occtirs in milk; harder, less 
soluble, and less sweet than cane-sugar. Used in the trinuatioD of 
ntedlclnes. 

GLUCOSES— C.H„0,.—Gu'COSE—(7«;fcf Sugar. Diabetu Sugar. 
— Kotmd anuciated with other sugars in most plants, especially in the 
KtRpc ; liul the ««iirce of most interest to the physician is the animal 
economy. Thi« \^^ the sugar uf diabetic urine, and the ability to detect 

witit eaM iind tertainty in suth conditions is a necessity to the prac- 
titioner of the |irv»ent day. 

lot «o sweet nor so soluble and crystallizable as cane- 
BU)iar. Hiwing threat affinity for oxygen it is a valuable reducing 
aitenl. and on this ptuperty most of its tests depend. Boiled with a 
dilute ntlucnil acid or allowed to remain under the inHuence of certain 
animal and veicetalite ferments,* warm and moist, the amyloses and 

* FkkWKNTS. — ^'fbese on certain nitrogenous bodies, animal aad vegetablf, 
wtiich t)r Mtac means not clearly unilerslood cause maay ci^anic compoands 
lu deconipiMc with the [iroduction of other and simpler substances, the ferments 
-' uhIvm beinu unatfectcd. t'etments are of two classes: — 

. The tunrganitrU. iw setuilt femtellts. Among these are; \ii) Diailast, 
or nruAiM, Ibniieil froiu (be uluten and serving to conireit the sloicb of the seed 
into gtusuw). Ntall. wbich is i^nvulnl barley, contains it in abundasce, and is 
used to convert mod (Maicb) into gtucoae foe fermentation in the manulaaure 
<^ alcobolk: lk{aoni, anil in metticine w a iiig(»tive igenL The pCyalio of saliva 
and a paiKreatic hrment act like diastase, (i) /'lyWx.of the gastric juice, Bad 
(f ) T>yfsm, at the pancreatic Huld, both of which Krve to convert the albiimi- 
ootds Into pcptooes < the uiie in auid, and the other iu alkaline solmion. 

a. CVj^mttii/ /Vrjwiiift. — When their spores are carried by the atntosphere 
at otherwise Into a suitable, fermentable liquid, and kept warm (6S° to 105" F,), 
thoM liErmenls grow aiid wvlifeniK with great rapidi^, JaduciDg fermentaliTe 
dianns in a few houi^ The moM irapunant of these ferments are : [a) Yiait 
(/prWa i¥nn'tiu),sbu>*a in Mg, 38. This CQnverts glucose into alcobol and 
carhoa dioxide (vinous (ennentation). [6) A.-etic it<u/ ftrmmt (mycm^rma 
atiH), cvmmoidy called " mother of vin^M," giows on ^hitiDiis coacaining 
alcohol, whi^ it helps tuuxidtie Into acetic acid, (t-) nmiA/ui^itt {tUiuM 
aMhiuu) grows within the mrouths of ill-kept children. It induces a slight alco- 
holic termcntaiioa. {Jf Lailk uvl Sutyii ferments go together, the one pre- 
d the<jther dosety tiilluwing. These fermeittations occur in intestinal 
Ml. and the gaa evulveU produces Halulent cotic. 
ftetiuH (the spoulaneous decumpaatiuci of nitn^cnuus o^anixed 

, is acconpanied. if ool caused, by micToOr^uians, unally bactcna. 

Aank on the other hind, is the graduiil decum^xwilion of oiganii ' 
ihkHDW actiuD of oxygen, md does nut depend on liv 



a 



CHEMISTRY, 

. The 



J 



C,H,„Oi + H,0 = C,H„0,. 

When starch and cane-sugar are eaten the digestive ferments (pan- 
itin and ptyalin) convert them into glucose. The ferment (dia: 
;), developed in a germinating seed, converts the starch into glucosi 
'tich is readily assimilated by the sprouting plant, 
Glucose is so easily made by bailing cellulin, but more especially J 
starches, with sulphuric -icid, that it has become a common adulterant ' 
or substitute for cane-sugar, especially syrup. This would be harm- 
less but for the fact that the cheap acid used is apt to be contaminated 
with lead, arsenic, etc. 

GlnoosideB.^This class includes a numerous class of neutral j 

substances, mostly of vegetable origin, which, though differing greatly 
among themselves, possess one common property, vii. ; When acted 
upon by a ferment or a dilute acid, they decompose, producing among 
other things, glucose. Their chemical constitution is not thoroughly 
understood, but probably they are ethers of glucose. They generally 
Itave marked physiological action, and are tlverefore the active prin- j 
inples of the drugs in which they occur. Their names generally allude I 
origin and terminate with "-(>(.'■ A few of the most important I 

Amygdalitt, exists in the bitter almond (amygdala), in the leaves of 1 

^therry laurel, and in the seeds of peaches, cherries and plums, asso- 1 

' ciated with an albuminoid ferment, emiilsin or synaptase, which in the J 

presence of heat and moisture decomposes the amygdalin into hydro- 1 

cyanic acid, henzaldehyde and glucose. I 

Salicin is the bitter principle in the bark of the willow {salix). It I 

has been employed as a substitute and adulterant of quinine, from 1 

I' which it may be known by the blood red it gives with sulphuric acid. 1 

' Tannin, or Tannic Aciil, is also a glucoside. This explains why 1 

certain fruits, e.g., persimmons, on ripening, lose their rough, astrin- J 

gent taste and get sweet. 1 

Myronic Acid exists in black mustard, associated with an albumin- I 

BUS ferment, capable of converting it into glucose and another sub- I 

Utance (allyl sulphocyanate) to which the virtue of mustard is due. I 
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Hot water, by coagulating this ferment, renders a mustard plaster 

/ndican occurs ia various plants, the indigo/era : also in urine, being 
derived from indol, a weak base produced by the pancreas and taken 
Tip from the alimentary canal. It is a brownish, bitter, syrupy liquid, 
which, when fermented or treated with dilute acid, forms indigo-blue 
and a kind of glucose. 

Other important glucosides are : ArbuHn, cathartic acid, colocynlhin, 
digitalin, elaUrin, gentianin, glyeyrrhizin (licorice), yaAi/zn, santonin, 
saponin, solanin, etc. 

Nitrogenous Bodies. — To the physician these are of extreme 
interest, for to this class belong roost of the tissues and waste products 
of the body and of our most potent remedies and virulent poisons. 

Proteids — Albumin, Globulin, Vitellin, Casein, Fibrin, Peptones, 
Gelatin, Chondrin, etc. — These substances, formed in plants and ap- 
propriated by animals, constitute the greater part of the solid portion 
of the fluids and tissues of the body, and play the chief part in 
physiological processes. Their molecular constitution (rational for- 
mula) is not definitely known, but their composition seems to be 
CnHujNiaS. They are amorphous, colloid (not crystalline) and, except 
peptones, are not osmotic (do not diffuse through animal membranes). 
When dry, they are easily preserved, but when moist, prone to putrefy. 
They are rendered insoluble by various substances, by which means 
they are often recogniied. 

Tests. — (i) They are all precipitated by alcohol in excess and in 
time coagulated. (2) Heated with strong nitric acid they turn yell&w, 
and on the addition of an alkali (ammonia, soda or potash) become 

Bodies of the Ammonia Type. — Taking the molecule of ammo- 
nia, NH,, as a basis, and by substituting for one or more atoms of its 
hydrogen one or more organic radicals, or combinations of radicals, 
we can obtain a large number of interesting and important substances. 
Many of these substances have trade names in allusion to some use 
or property, or in abbreviation of their chemical names. In chemistry 
they bear the names of the radicals entering into their composition, 
and end in "-amine" when those radicals are electro -positive, or m. 
'■-tmiifif " when electro-negative. For example : — 
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Amines — 



Ammonia. 
n4 H; 

Ih 



Ethylamine. 

CjH, (ethyl) 



fC,H5 ethyl fC,H5 

N^ H ; nJ H ; 

Ih (.h 



Phcnylamine. 
CgHj (phenyl) 



Trimethylaminc. 
fCIIj (methyl) 

ICHs " etc. 



Like ammonia, these bodies are alkaline and combine with acids to 
form salts, appropriating instead of displacing their hydrogen, e.g. 
NHs + HCl = NH4CI, ammonium chloride or ammonia hydrochlo- 
ride ; in like manner NH2(C2H6) -f- HCl = NHa(C2Hi)HCl, ethylamine 
hydrochloride. 



Amides — 

Ammonia 
(Amine). 



Acetamide. 



Acetanilide 
(Phenyl Acctaniidc). 



Carbamide 
(Urea). 



j-H rH 



(acetic rad.) 



N \ C,H, 



P ; 
(phenyl) 



NJ 11 
^\1I 



>CO 



N-^ H 
7 



Aniline (Phenylamine) is a colorless liquid, but its compounds 
C«H (*^^ aniline dyes) are coloring matters of great brilliancy.^ 
They are sometimes contaminated with arsenic used in 
their manufacture. 
Trimethylamine is sometimes confounded with propylamine. It 
CH is a colorless, volatile alkaloid, with an ammoniacal, fishy 
CH3 odor. It is found in many animal and vegetable sub- 
^"3 stances, but obtained from pickled herring. The hydro- 
chloride is the salt used. Dose, ten to fifteen grains. 

Antifebrin (acetanilide). This is a derivative of aniline in which 
fC H ^^® acetic radical is made to displace an atom of 

N < H hydrogen. A crystalline, odorless, solid, slightly solu- 

(C2H3O2 ble in warm water, very soluble in alcohol. In doses 
of five to ten grains, repeated every two or three hours, it is an anti- 
pyretic and sedative. It is said not to affect the healthy temperature, 
but to rapidly lower a fever. 



* Experiment. — Dissolve a few drops of aniline in water in two test tubes. 
To one add solution of chlorinated lime — a purple color is produced; to the 
other add some sulphuric acid and i)Otassium chromatc mixture — a blue color 
appears. 
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Phatoieliite. The formula shows that this substance is 

fCjH,— O— C,Hg ^"'^ 'o acetaoilide. A white crystallioi 
N -| H powder, but slightly soluble 

( CjHjO doses of fifteen grains it causes a fall of tem- 

perature and a profuse sweat. Its effect is more persistent, and per- 
haps more dangerous than antipyrin, producing symptoms of aniline 
poisoning with hfenioglobinuria and Jaundice. 

Antifiyrine, C,,H,aNjO, a derivadve of the artificial alkaloid, 
chinolinc, is a white crystalline powder, soluble io water and alcohol, 
of a slight tarry taste and odor. With nitrous acid it forms a poison- 
ous precipitate, and is therefore incompatible with spirits of nitroi 
ttber. The hydrochloride is the salt used. In doses of ten to 
grains it b a valuable antipyretic and anodyne. 



aitroii^^J 
letable^n 



Alkaloids (alkali-like). — These bodies are mostly of vegetable" 
origin and bear a close analogy to the preceding, for they are 
ammonia substitution compounds, alkaline in reacdon, and combine 
with acids to form salts. Of late years chemists have made substances 
very similar to, if not identical with, some of the natural alkaloids; 
and the time seems not far distant when our most costly alkaloids will 
be made cheaply by artificial means. In plants alkaloids are not 
foiind free, but combined with some vegetable acid forming a salt. 
Their salts (except tannates) are usually soluble and intensely bitter; 
the free alkaloids being much less soluble, are much less bitter. 
Those alkaloids (as conine and nicotine) that contain no oxygen are 
liquid; but the great majority of them are while powders, 
. Alkaloids are so seldom prescribed in the free state that when the 
simple name of an alkaloid is written in a prescription the druggist 
puts up its most common salt. The names of alkaloids end in "-w^," 
and arc derived from the names of the plants in which they exist or 
from some characteristic property. 

The intense elTect alkaloids exert on the animal organism makes 
them generally the active principles of the drugs in which they aie 
found. But the active principle of a drug is not always an alkalcnd. 
The alkaloids include the majority of our most potent remedies and 
powerful poisons. Tannin is a common antidote, but most important 
is the prompt evacuation of the stomach and the intelligent use of 
physiological antagonists. 

The alkaloids, even those of medical interest, are so numerous tl 
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^ to give each separate consideration would cover a. great portion of the 
ria medica. We can mention but a few of the most important. 



rllcirplune 

rNircoliiie 



Quinine 

QainidiDe 

Qainidne 

Qainindine 

QBchotune 



SbTchoini 

Bnicine 

Aconiline 

Colchicine 

VerBtrine 

Airotrine 

Hyoscyamine 

Homatropiae 

OiSeliie 



C„Hi,NOj 

C.„H„NO, 
C_H_NO, 
C„H„NO, 

: Ci,Hi,NO, 



C„H„N,0, 

C-,H_N,0, 
C„H„NO, 
C„H„NO. 
C„H„N,0, 
C.,tI„NO, 
C,,H„NO, 
C„H„NO, 



FliTMttigaiiDe 

(Eaerine) 
FUocaipiiie 
Urea 



C,II,N 

C,H„N 



Aconite 
Colchicom 
Veratrum 
BelladoDna 
Hyoscyamus 

CoSee 

Tea 



Ciyslalline; morphia gives a blue 
with Fe,Cl,, and a red with 
HNO,. These alltaloids and 
several others exist In opium in 
combination with meconic acid, 
which gives with Fe,CI, a red 
color not discharged by HgCl,. 

Made by healing morphine with 
HCI ; a systemic emelic. 

All crystalline except quinoidine, 
which is a resinous mass. To 
lest for quinine, add chlorine 
water, shake, and then add aq. 
green color. 



Crystals; gives a purple with 

II,SO, aud K,Cr,0,. 
Crystals ; gives a red with HNOj, 

Crystals; very poisonous. 



(Calabar bean) 
Jaborandi 



Crystals 1 soluble in i 



-; weakly 






-a 

Crystals; soluble in 

basic; anodyne. 
Crystals; solul>le in water; weakly J 

basic ; local auicslhetic. 
Crystals; contracts the pupils. 

Crystals; a poweilul diapborelic. 
Crystals; may be made artificially 1 
by heating NHjCNO. ' 

Li(]uid; powerful poison. 



PtomaYnes (fTTii/w, a corpse). — This name is given to certain alka- 
loids or amines formed in animal and some vegetable bodies during { 
putrefaction, and in some pathological conditions during life. These i 
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are the products of bacteria, each species producing its own peculil 
ptomaine. Thus, the typhoid-bacillus produces typhotoxii 
tetanus- bacillus, tetanine, etc. Many think the symptoms of the spe- 
cific fevers are only the effects of the ptomaines so produced, for the 
characteristic symptoms of the disease may be produced by the ad- 
mi Distration of its ptomaine. The poisoning that frequently results 
from eating spoiled meat, fish, etc., is due to ptomaines. The symp- 
toms resemble those of the vegetable alkaloids, except that there is usu- 
ally more gastro- intestinal irritation. The fact that certain ptomaines 
give physiological effects and chemical tests like such alkaloids as 
strychnine, morphine, conine, nicotine, atropine and veratrme, is apt 
to, and doubtless has often, caused the condemnation of the innocent. 

Among the non-poisonous ptomaines may be mentioned putrescine, 
cadaverine and neuriditte. Among the poisonous are: eholiite, 
which acts like curarine ; muscarine, from poisonous mushroons (mus- 
i); tetanine, tetanotoxine and spaimotoxine, produced by the 
tetanus-bacillus and causing (?) the symptoms of tetanus ; lypkotoxtHe, 
produced by the typhoid-bacillus and causing (?) the symptoms of 
typhoid fever, and iyroloxitu, found by Dr. Vaughan in poisonous 
cheese and milk and causing the symptoms of cholera infantum. 

Leucomaines are a class of alkaloidal substances produced in the 
living body as the result of fermentative changes or of the processes 
igrade metamorphosis, and are closely related to urea and uric 
acid. They are eliminated in the various excreta, the urine, f^ces, 
perspiration, etc. If retained, as in urremia, or produced in abnor- 
mal amounts, as in dyspepsia, they act deleteriously on the nerve 
causing vertigo, lassitude, drowsiness, vomiting, purging and 
Some elevate while others lower the temperature. Of the 
important we may mention creatine, creatinine and xanthine. 

The chemistry of the ptomaines and Icucomaines is new and still 
incomplete. 
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THE URINE. 
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The urine is a fluid secreted continuously by the kidneys, an 
the chief means by which the nitrogenous waste of the body is 
charged.* A specimen, to be representative, should be a portioi 
the whole twenty-fours' urine, for considerable 
variation in composition and properties may 
occur during the day. Especially is this true of 
traces of albumin and sugar. When this is 
impracticable, that passed before breakfast is 
generally preferable, because farthest from a 
meal. When significant variations during the 
day are suspected, several specimens may be 
taken at different hours. For nticroscopical ex- 
amination a few ounces of the urine in a stop- 
pered vial, or better still, in a covered conical 
glass (Fig. 40) are set aside for several hours until the sediment has 
settled to the bottom and can be examined. 




'The rationale of its secretion is one of transudation, osmosis, and cell 
elabomtion. Owing to the re«atance encountered by the blood in its exit 
Uirough the eSereni vessel, there is an increase of blood -pressure in the Mai- 
piehian lull and a transudation of the water of the blood with some dissolved 
lalta into the capule. From loss of water the blood Is very much thickened 
when it reaches the second capillary system suiroundiog the convoluted tubes, 
which contain the Ihin, watery transudation from the Malpighian bodies. 
Here arc the essential elements of a complete osmometer — an animal mem- 
brane, composed of the thin wall of the capillary and the delicate basement 
membrane of the tube, with a dense Ruid (the thickened blood) on one side 
and a thin saline solution on the other. An interchange now takes place of 
the vatcT from the tube to the blood, and of the products of retrograde meta- 
morphosis (urea, etc.), and salts from the blood 10 the tubes, concentrating the 
Said in the latter, making it urine, while the albui 
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Physical Properties.— Normal urine is a transparent, aq\ 
fluid, of a paU yellow color, characteristic odor, acid reaction, and'a 
specific gravity of 1020 luhca passed in the average quantity of about 
forty-five fluid ounces in the tiventy-four hours. This description is 
to be taken with much allowance, for very wide variations occur even 
in health. With these variations the student must become thoroughly 
familiar before he is capable of interpreting a specimen. Therefore 
the physical properties will be considered more particularly. 

Qfiantity. — In health this depends upon (a) the amount of water 
ingested, and (b) its vicarious elimination by the skin, lungs, and 
bowels. Pathologically it is increased in diabetes, also in hysterical 
conditions associated with convulsions and high arterial pressure, and 
after the administration of diuretics. 

Transparency. — Normal urine is not always transparent, nor is 
transparent always norma!. Some degree of opacity may be due to : 
(a) Mucus, with some entangled epithelial cells, which may be 
observed in many specimens of healthy urine, especially of females, 
because of the larger area of mucous surface in that sex. ifi) Urates 
(of Na, K, Ca, and Mg), which often form a precipitate in urine, 
especially when allowed to stand over night in a cold room. The test 
for this sediment Is heat, which quickly dissipates it. (c) Earthy phos- 
phates (of Ca and Mg), which may give an opacity to normal urine, 
especially if it is alkaline or even weakly acid. The test for this 
sediment is the addition of a few drops of any acid which promptly 
dears it up, while heat would only increase it. {d) Fungi (bacteria. 
penicillia, sarcina;, etc.), especially in decomposing urine. 

A urine may be abnormally opaque from the above causes, or from 
the presence of blood or pus. When due to blood or pus the opacity 
is increased by heat or acids because of the precipitation of albumin 
always present in liquor sanguinis and liquor puris. 

Fluidity. — Healthy urine is never otherwise than an aqueous fluid, 

attributed to the epitbElial cells lining tlie convoluted tubes, for it vos observed 
that whenever the tubes lost tbeir epithelial lining (m in some forms of Brigbl'i 
disesie), urea, etc., failed to be eliminated. This function of the cells may be 
demonstrated by injecting into the vdns of a rabbit a solution of sulph-indigo- 
tate of sodium. If the animal be killed within a few minutes, none of the 
coloring matter will be found in the capsules, while the cells lining the v£t)et 
will be stained blue. If, however, an hour be allowed to elapse, even the 
cells will be found colorless and the coloring matter will be seen only in ibe 
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[iig'and dripping with ease ; but in certain diseased conditions, 
abnormal quantities of mucus, or the presence of pus or fat, especially 
if the urine be allowed to decompose and become very alkaline, may 
give rise to viscidity. 

Color. — Healthy variations in color depend mainly upon the 
amount of water and the consequent degree of concentration or dilu- 
tion of the solid constituents. Aside from abnormal degrees of the 
above, pathological variations in color may be the result of (a) a 
increase or diminution of the normal coloring matters, as in fevers, 
etc. ; (b) the presence of abnormal substances, as biliary and blood 
€Mloring matters. Moreover, the urine may be colored after the 
admioistration of certain drugs, as senna, santonin, rhubarb, prickly 

Odor. — When freshly passed, urine has, in addition to its charac- 
teristic odor, an aromatic fragrance due to certain volatile ethers. 
Alkaline urine has an ammoniacal odor, unless the alkalinity be due 
to Axed alkali, when the smell is fainty and sickening, hkc that of 
Jiorses' urine. Diabetic urine exhales a sweetish smell. In cc: 
forms of dyspepsia and iiver trouble, the odor of the urine is almost 
pathognomonic. Medicines and certain articles of food often impart a 
peculiar odor, as turpentine the odor of violets, and asparagus and 
Cauhflowcr a rank, disgusting smell. 

Reaction. — Normally the urine of the whole twenty-four hours will 
average an acid reaction ; but great variations occur during the day. 
Before meals it will have a high degree of acidity, but after eating 
becomes nearly neutral, or even alkaline. This is due to the ingestion 
of food which is largely alkaline and to the abstraction of acidulous 
principles from the blood to form acid gastric juice. It has also been 
observed that urine passed on rising in the morning is especially add. 
This is probably due to the fact that during sleep less carbonic acid is 
exhaled from the lungs and less perspiration (acid) given off by the 
skin. The reaction of the urine is important to the physician, as it 
may favor or prevent the formation of sediments and concretions or 
irritation of the kidneys and bladder. The acidity of urine is due, not 
to free acid, but to acid sodium phosphate (NaHjPO,) occurring in con- 
sequence of carbonic, uric, and hippuric acids, seiiing on to a portion 
of the sodium of the basic phosphate. 

An ai"irf/iTW«j/rt/<pn, attended with decomposition of mucus and 
coloring matters and a production of acetic and lactic acids, sc 
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This gives the urine an ammoniacal odor and alkaUne r 

it becomes opaque from the precipitation of ur 

the earthy phosphates and the development of bacteria. Pus and 

blood, or vessels tainted with urine previously fermented, greatly 

hasten this change. 

The reaction is determined by litmus paper. If acid, the blue 
Ultnus is turned red ; if alkaline, (he red litmus is turned blue ; if 
neutral, there is no change in either. If alkalinity be due to ammonia. 
(volatile alkali), the blued paper gets red again on drying. 

Specific Gravity. — Though the average specific gravity is lozo, it 
exhibits, even in health, great variations, the extremes being 1002 
after copious use of water and diuretics, and T040 after abstinence 
from fluid and the elimination of water through other means, as pro- 
fuse perspiration or copious diarrhcea. The amount of solids varying 
but little in health, fluctuations in specific gravity are due mainly to 
variations in the amount of water, and, as long as the inverse propor- 
tion between specific gravity and volume of urine is preserved, varia- 
tions need cause no alarm. 

Specific gravity is usually measured by an instrument called a 
hydrometer or urinometer (Fig. 43), which is a hollow glass float, 
weighted with mercury and having a long, graduated neck. The 
graduation begins above at 1000, because the heavier the urine the 
less deeply will the instrutnent sink and the further the neck will pro- 
trude from the surface. It is well to test a new urinometer by immer- 
sing it in water at 60' F. (15.5° C), into which it 
should sink to o or 1000 on the scale. Urinometers 
are usually provided with a cyhnder or jar, as shown 
in the figure, but a lai^e test-lube will answer. This 
is about three-fourths filled ; the urinometer is then 
introduced, and when still, the specific gravity is read 
off. The cylinder or test-tube should not be too 
narrow, lest the urinometer be 
attracted to and catch against 
the sides, and not rise as high 
or sink as low as it should. The ■ 
fluid being attracted up around 
the stem, the reading should be 
made not along the line c d, as 
in the diagram, suggested by Dr. Leffmann, of I'hiladelphlE 
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which represents the true level of the liquid. To appr 
amount of sohds in any urine ; (a) The last two figures of the specific 
gravity represent the number of grains of solids to the fiuid ounce ; 
(6) doubling the last two figures of the specific gravity, gives the per 
Thus, if a urine be of specific gravity 1020, and the daily volume 
lifiy ounces, (a) 20 (grains per lluid ounce), multiplied by 50 (ounces 
daily volume) gives 1000 grains of solids p>er diean ; (*) ,oio X 3 = -040 
ir 4 per cent., which multiplied by 50 (ounces d^y volume) gives 2 
aunces of solids per diem. 

Chemical Constituents. — The average composition of a ihousanil 
parts of urine is about as follows ; — 

Water, . . - - 950.00 

Urea z6.30 

KreallDE B.iid kreatiuine 80 

Uratn of sodium and potaraum 1.45 

Hippurates of sodium and potBSsum 70 

Mucus and coloring matters 35 

Phosphales of sodium and potassioiD 3.75 

Fliosphiites of calcium and magnesium, . . . .90 

Chlorides of sodium and potassium, 1^.55 

Sulphates of sodium aud potassium 3.30 



I^thologically there may be present also albumin, glucose, bloot* 
bile, etc., besides various sediments. 

Urea — CH,N,0. — This is the most constant and abundant organic 
it of the urine, and, being the main nitrogenous excretion, 
index of nitrogenous waste, whether of food or tissue. Its 
average amount is about one ounce /f^ diem- 

Urea may be obtained by extracting it from the urine, or artificially 
by heating cyanate of ammonium with which it is isomeric (NH,- 
CNO = CH.N,0). 

1 It crystallizes in colorless prisms, very soluble in water, and behaves 
like an alkaloid, combining readily with nitric and oxalic acids to 
form salts. Both of these salts may, by adding nitric or oxalic acid, 
be precipitated from concentrated urine as colorless, rhombic or 
hexagonal plates. (Fig. 44' '"■) _ 

In the course of many diseases it is important to estimate 1 
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rea excreted day by day. A rough estimate may be based 
on the specific gravity. For, since urea is the largest solid ingredient 
in urine, it follows that if sugar be absent, albuniin in small amount 
or removed, and the amount of chlorides normal, variations in specific 
gravity must be due mainly to variations in amount of urea. 

The exact methods most generally employed consist in decompo- 
sing the urine into niCjpgen and carbon dioxide, by means of sodiu 
hypochlorite or hypobromite. and measuring either the volume of gas 
evolved or the specific gravity lost by the decomposition. 



^^ft Davy's Hypochlorite AMhod. — A graduated tube closed at one end 

^^Fb one-third filled with mercury. A measured quantity of the urine (a, 

drachm or half drachm, according to capacity of tube) is then added, 

and the tube is next filled to the brim with the hypochlorite solution (liq. 

sod, chloratje, U. S. P.). Closing the opening with the thumb, the 

I tube is inverted over a strong solution of common salt in a dish. (Fig. 
45.) The mercury runs out and the salt water rises Co take its place, 
while the urine and soda mixture, being lighter, remain in the upper 
part of the tube. Here the gas from the decomposing urea collects. 
The decomposition is complete in three or four hours, when the 
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amount of the gas may be read oH by the graduations upon the 
every cubic inch represenling .64 grain (or I cubic centimetre repre- 
senting 2.5 milligrams) of urea, 

Doremui' HyfobromiU Method. — The sodium hypobromile is pre- 
pared by adding I cubic centimetre of bromine to locul 
of sodium hydrate solution (100 grammes to 250 cubic 
water, or 6 ounces to 1 pint) and diluting witb^p cubic centimetres of 
water. Tilt the ureometer (Fig. 46), and pour the hypobromite into 
the long arm, completely filling it. Draw the urine to be tested into 




I 



the pipette to the gradu; 



Pass the pipetli 




s the bend, and compress the nipple slowly. The urine will rise 
through the hypobromite, and the gas evolved will collect in the upper 
part of the tube. The ureometer is graduated to indicate cither the 
number of milligrammes of urea to the cubic centimetre of urine or 
the number of grains to the fluidounce. 

Foiulcr' s Method. — The specific gravity of the urine is carefully deter- 
mined as well as that of the liq. sod?e chlorate (U. S. P.) to be used. 
One volume of the urine is mixed with exactly seven volumes of the 
liq, sod. chlor. and set aside for two hours, or until effervescence ceases. 
The specific gravity is again taken. As the reaction begins 
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ately on mixing the fluids, the specific gravity of the mixture must be 
calculated. This is done by adding to the specific gravity of the urine 
seven times that of the liq. sod. chlor. and dividing the sum by eight. 
Each degree of difference in specific gravity of the mixture before and 
after the decomposition represents three and a half grains of urea to 
the fluidounce of the day's urine. 

Example: Ounces. 

Quantity of urine in twenty-four hours 46 

Sp, gr. of the urine, 1020 

5p. gr. liq. sod. chloralic, 1042 

(Calculated) Sp. gr. mixture ( mi^^ i - . VOi . O =),... 1039.2 

(Actual) Sp. gr. mixture after reaction, 1036.2 

1039.2 — 1036.2 = 3 : 3X3!^ = ^°% B". of urea to the ounce of 
urine; io)i X 46 = 483 grs. of urea passed in twenty-four hours. 

Kreatine and Kreatinine, substances closely allied to urea, 
exist in urine in such small amounts as to be of no practical signifi- 
cance, and need only to be mentioned in this connection. 

Uric Acid is found in the urine of carnivora ; in that of herbivora 
it is largely replaced by an analogous substance — hippurlc acid (Fig. 

15S), Gout is characteriied by an increased production of uric acid, 
and the so-called " chalk-stone " deposit in joints during that disease 
is sodium urate. Free uric acid is so very insoluble that whenever it 
exists in urine it is always a precipitate. It appears as minute reddish 
grains, which under the microscope are seen to be modifications of 
rhombic crystals, always stained with the coloring matter c)f the urine. 
They oflen deviate widely from the typical rhomb, as shown in Figs. 
4,7 and 48, but an experienced eye will readily recognize them. Nor- 
mally, uric acid, as soon as formed, unites with the alkaline bases to 
form urates. They are very soluble in warm water, but more sparingly 
so in cold. Therefore a urine, though clear when freshly passed aiid 
warm, may exhibit a copious precipitate upon becoming cold, as on a 
winter night. This precipitate is easily recognized by its dissolving 
upon warming. Urates of sodium and magnesium generally appear 
under the microscope as amorphous powders in moss-like aggrega- 
dons, but occasionally as bundles of small needles, as shown in Fig. 
49. The urate of ammonium, a result of the alkaline fermentation, 
occurs as opaque, brown spherules, smooth or with spicule like a 
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thorn-apple (Fig. 42). The acid urates are less soluble thaa die 
normal, and often precipitate when the urine is very acid or when a.D 
acid is added, as in the nitric-acid test for albumin. 

The murexiii lest for uric acid and the urates is one of great beauty. 
Place some of the sediment in a porcelain dish, add a drop or two of 
nitric acid, and carefuUy evaporate almost to dryness. If a few drops 
of ammonia be added, it assumes a beautiful purple color. 

If uric acid be present, a beautiful purple color will appear when- 
ever a few drops of ammonia are added ; or better stiU (Earp), if the 
dish be inverted over another in which a drj- ammonium salt is vola- 
tilized. 




Coloring Matters. — Our unsatisfactory knowledge of these si 

stances and their clinical significance is to be regretted, since some ' 

of them possess an importance next to albumin and sugar. The 

existenceofat least two distinct substances have been demonstrated: — 

I. Urobilin [urokamatiK), a brown resinous substance, derived 
from the coloring matter of the bile, and hence indirectly from the 
coloring matter of the blood. 

It occurs in normal urine, and in larger quantity in the urine of 
patients suffering from any disease which causes disintegration oC.b 
the blood corpuscles, 

a. Uro-indican {uroxanthin) a substance closely related l 
identical with, the glucoside indican, and, like that substance, it I 
capable of conversion into indigo-blue. 
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It sesms to be a result of the fermentation of albuminous matti 

the alimentary canal. It is therefore increased in obstructive troubles 

of the bowels, and in certain diseases characterized by impairment 

of general nutrition. 

To estimate the coloring matters, put some urii 

t render it strongly acid with nitric or hydrochloric 

I six hours for the pigments to be liberated. Then 

I color by transmitted light. 

Phosphates. — The phosphates arc derived mainly from the food, 
but to some extent also from oxidation of phosphoriied 

I. Earthy Phosphates {Ca and Mg). — Being soluble only in acid 



I beaker and 
Lei It stand 
the depth of J 




^^ 



«olutions, the earthy phosphates are precipitated when the uri 
becomes alkaline. Furthermore, being less soluble in \ 
F'Aan cold urine, heat often precipitates them, as in the heat lei 
;albumin. Deposits of.calcium and magnesium phosphates are 
eratly amorphous, and may be distinguished from the amorphous 
urates, (a) by absence of color and not gathering in mossy forms ; (i) 
by a drop of acetic acid udded to the sediment on a glass slide under 
the microscope — phosphates dissolve, while urates gradually lose their 
base and assume the characteristic forms of uric acid. In ammoniacal 
urine (alkaline fermentation) the ammonio-magnesian phosphate 
(MgNH,PO.), the so-called triple phosphate, is formed and deposited 
large prismatic, coffin-lid crystals ; sometimes, also, in ragged 
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^^M stellate or aborescent crystals, resembling those of snow. (Fig. $0,) 
^^m In cases of cystitis this may occur within the bladder; hence other 
^^m calculi often have one or more white layers of the mixed phosphates. 
^^H 2. Alkaline Phosphates. — These constitute the greater portion of 

^^H the phosphates, and are made up mainly of acid sodium phosphate, 
^^M with traces of potassium phosphate. Being very soluble, they never 
^^f form a precipitate. 

Magnesian Test. — The phosphates are best detected and estimated 
by precipitation with a solution composed of magnesium sulphate, 
ammonium chloride, and aq. ammonia, each one part, and water 
eight parts. If the precipitate be thick and creamy, the phosphates ■ 




are abnormally increased; if it be ni 
translucent, diminished. 

Chlorides. — These consist almost e 
quantity depending mainly on what is 1 
ever, the chlorides are diminished o 
many fevers, especially in pneumonia 
sputa. Their reappearance in 
tion of convalescence- Hence their det' 
important. 

Sitver- Nitrate Test. — First add a few drops of nitric add to preveMi 
the precipitation of the phosphates. Then, on adding silver r 
solution, only the chlorides will fall as a white precipitate of chloride 
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I'of silver. If the precipitate be in curdy masses the chlorides a 

inished ; if only a milkiness be produced, they are greatly dimin- 
ished ; and, if no cloudiness, they are entircli' absent. 

SuLPHATES.^These consist mainly of sodium sulphate, with a little 
I of the potassium salt. They are derived principally from the food, ^ 
• and in small amount from oxidation of albuminoid sulphuriced ti 
especially in fevers. They are detected and estimated by precipita- 
tion with barium chloride or nitrate, first adding a little i 
hydrochloric acid to hold the phosphates in solution. If the precipi- 

e be creamy the sulphates are increased ; if milky, normal, and if 
translucent, diminished. 

, Albumin. — Under this head are included various proieid substances J 
which, not being osmotic, appear in urine only in pathological con- 
ditions and functional disturbances. Many of the specific fevers, as 
pneumonia, typhoid, and diphtheria, produce albuminuria. Albumi- 
nous urine is apt to be of diminished transparency from presence of 
tube casts, fat granules, epithelial cells, etc., and liltcring is often 
|. necessary before applying the tests. 

Heat Test. — A test-tube is one-third filled with the suspected urine I 
and held in the flame of a spirit lamp, or over the chimney of aa J 
ordinary lamp, until it boils. If an opacity occurs it must be either | 
albumin or earthy phosphales. If earthy phosphates, it clears up OO [ 
addition of nitric acid, but if albumin, it is slightly increased. 

Nilric-AHd r^j/,— This consists in underlaying the urine with nitric -I 
Bcid. Take a test-tube one-fourth full, and, holding it aslant, gently | 
pour in an equal volume of the acid, allowing it to trickle down the J 
inside of the tube and pass beneath the urine. Or the acid may be \ 
put in first and the urine added afterward. An opacity at the junction j 
of the two liquids is either albumin or the urates. If urates, it clears | 
up on heating, but if .albumin, it is permunent. 

Kither the heat or nitric-acid test, singly, is unsatisfactory, but both 
performed together are conclusive. However, the following sources 
of error should be borne in mind : (a) If the urine be very alkaline 
and the amount of albumin small, heat will cause no opacity ; {li) if 
only a drop or two of nitric acid be added, it may hold a small quan- 
tity of albumin in solution ; (c) urea may be precipitated from a con- 
centrated urine by nitric acid, but heat dissolves it; (i/) decomposed 
urates containing ammonium carbonate effervesce on addition of an . 
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acid ; (e) often after taking turpentine, copaiba, clc, nitric acid 
cipitates resin in yellowish flakes, redissolved on addition of alcohol. 

Other Tests. — Many other substances, as alcohol and certain acids 
and mineral salts, coagulate albumin and are used as tests for that 
substance. But they are less used, less convenient, and no more 
accurate and conclusive than the two already given. Among them 
may be mentioned («) picric acid, (i) potassio -mercuric iodide (KI 50 
grs.— HgCl- 21 grs.), (c) sodium lungstate, {d) potassium ferrocyanide. 
These added in saturated solution form white clouds with albumin, 
provided the urine is first acidulated with citric acid. Strips of filter 
paper steeped in these chemicals and dried, or pellets, arc 
sometimes carried for use at the bedside. 

Quantilative Estimation. — During the progress of a disease 
it is often important to estimate the quantity of albumin. 
The exact method by drying and weighing the precipitated 
albumin is too laborious for the buSy practitioner. 

The easiest approximative method is to precipitate the albu- 
min by heat, set it aside for twelve hours or until next visit, and 
then note the proportion of volume occupied by the precipi- 
tate — one-fourth, one-eighth, a trace, etc. 

Esback's Albumirtomtler (Fig. 51) is a graduated test-tube. 
Fill it to U with the urine and to R with the reagent, which is 
composed of 10 grammes of picric acid. 20 grammes of citric 
acid, and water sufficient to make a liter. Gently mix the 
liquids and set aside for twenty-four hours, to allow the precipi- 
tate to subside, the depth of which by the scale indicates the 
number of parts per thousand or grammes of albumin in a liter. 

Sugar {Glucose).— H has been proven (Dr. Pavy, 1879) 'I'^t healthy 
urine contains traces of glucose, but quantities of clinical significance, 
and appreciable by the ordinary tests, are present only in glycosuria 
or diabetes, a pathological condirion associated with some disturbance 
of the glycogenic function of the liv 

A temporary glycosuria may occur after the administration 
anjeslhetics and in certain brain lesions, especially those inroh 
the floor of the fourth ventricle. 

High specific gravity in a urine pale and copious, suggests sugar. 
Before testing, albumin, if present, should be removed by boiling and 
filtration. 
Fermcnlalion T^sl. — Two vials — one for comparison, the other 
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fennentation — are partly filled with the urine. Into one 
of baker's yeast about the size of a pea. Both vials arc loosely plugged 
with some pervious material, as cotton, and set aside where they will 
keep warm (60° or 70° F.) until next day or next visit. If sugar be 
present, fermentBtion will occur in the vial treated with yeast, and COi 
hubbies up and passes off through the cotton plug, and on taking the 
specific gravity of each, there will be a difference due to the loss of 
sugar in the vial fermented. 

Alkali Tfii. — Boil the urine with liquor potassse or sodfe, and if 
glucose be present it will be oxidized and form a molasses-like colora- 
tion, the depth of which indicates the amount of sugar present. On 
adding nitric acid a molasses-like odor is developed and the coloration 
discharged. 

Alkali-Copper Ttst. — This depends on the power glucose has of 
reducing the cupric to the cuprous oxide. There are several methods 
of performing this test:— '' 

(1) Trammer's. A drop or two of a weak {about I to 30) solution 
of cupric sulphate is added to an inch of urine in a test-tube, and then 
an equal bulk of liquor potass^- or sods. Immediately there falls, in 
addition to the earthy phosphates, a bluish precipitate. If sugar is 
present, this precipitate dissolves on agitation, forming a blue solu- 
tion, which, on boiling, deposits a yellow, orange, or red precipitate 
of cuprous oxide. (See p. 86.) 

(2) Fehling's. This differs from Trommer's in the addition of tar- 
taric acid or some tartrate to dissolve the blue precipitate. Further- 
more, the ingredients are in definite proportion, so as to make the 
solution available for quantitative analysis. Below are given the two 
formuts in general use, one in the French and the other in 
English measures : — 

Fehlln^'i Sniulion. Favy'i Solulioi 

Cupric Sulphate 34''>4 grams. 330 grains. 

Potassium Tartrate, 173.20 grsms. 640 grains. 

Causlic Potash, So.OO grams. I2So grains. 

On standing a long time this solution is apt to spoil, the tartaric acid 
being converted into racemic acid, which, tike glucose, will deoxidize 
the cupric oxide. Hence, it is best to make the solution in two separate 
parts, the cupric sulphate with one-half the water and the tartrate and 
caustic potash with the other half. For use. mix equal parts, forming 
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Fehling's solution fresh. A convenient amount should be put ii 
test-tube and boiled alone for a few seconds. If it remains clear it is 
good, and the urine may then be added gradually. Either immedi- 
ately, or when the heat is reapplied, if sugar be present, the reddish— 
precipitate will appear. Heat should not be applied longer thafti«| 
minute, for prolonged boiling can cause the reduction of the coppc 
oxide by various other organic substances found in the u 

(3) Haines' differs from Fehling's in that glycerine is used instead 
of the tartrate, and the solution does not spoil. 

Alkali- Bismuth Tesl.—(\) To some urine in a test-tube add a pinch 
of bismuth subnitrate and then an equal volume of liquor potassfe. 
Boil about two minutes. If sugar be present, the bismuth will be 
reduced and deposited as a black metallic mirror on the sides and 
bottom of the tube. (2) A bismuth test solution corresponding to 
Fehling's is made by warming a scruple each of bismuth subnitrate and 
tartaric acid in two ounces of water, and 'adding liquor potassK until 
a clear solution is obtained. This boiled with a urine containing glu- 
cose gives the black bismuth precipitate. 

The elements of the foregoing tests put up in pellets and tablets, 
while more convenient, are less reliable and spoil sooner than the 
solution. 

Picric- Acid Test, — This is an extremely delicate test for glucose, 
and has the practical advantage of being as good a test for albumin. 
To the suspected urine add an equal volume of a saturated solution 
of picric acid. A cloudy precipitate indicates albumin. Nent add a 
few drops of liquor potassa; and warm gently. A deep red color indi- 
cates sugar, though a lighter coloration may occur in urine free from 

Indigo- Carmine Test. — To the urine add a solution of indigo- 
carmine rendered alkaline by sodium carbonate. Boil, and if sugar 
be present the blue mixture changes to violet-red and yellow. On 
agitation oxygen is absorbed from the air, and the above changes of 
color are reversed. 

Quantitative. — (t) Fermentation. Each degree of specific gravity 
\ fermenting represents one grain of sugar to the ounce of the,_ 



IiusL in icrineming represenis une gram ui bugar lu uic uuiicc ui uig.^^_ 
twenty-four hours' urine. ^^^^| 

(2) Feklin^s. Two hundred minims of the solution ii decolorii^^^^M 
by one grain 0/ sugar. Two hundred minims (grains) of the (est 3<^tH^^^| 
tion are measured off into a smaH flask, diluted with twice its bd^^^^f 
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of water, and gently boiled (Fig. 52). A graduated burette (also 
shown in figure) is then filled to zero with the urine. To the boiling 
lest solution tlic urine is added drop by drop till the blue color is dis- 
charged. By the graduations on the burette the quantity of urine 
added is easily read- As that represents one grain of sugar, the 
amount of sugar in the entire urine is easily calculated. 

(3) Alkali Test. A light yellow indicates one per cent. ; dark 
amber, two per cent.; sherry wine, three per cent.; dark Jamaica 
rum. five per cent,, and dark, almost opaque, ten per cent. 

Bt.onD gives to urine a smoky hue, or even a dark-brown color. 
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Hjematuria (blood in urine) may occur as the result of (ii) some dis- 
ease or injury in the gen ito-uri nary tract, as acute nephritis, calculus, 
parasites, cancer, wounds, etc. ; (i) a depraved condition of the blood, 
as in scurvy, purpura, and eruptive fevers ; (c) a disturbance of the 
renal circulation, as in mental emotions, malarial paroxysms, and 
cardiac obstructions. 

If the urine be acid, the blood corpuscles'" retain their shape for 
several days and are easily recogni7cd by the microscope. They ap- 
pear as amber-colored, biconcave disks, either single or laid in rows, 
like piles of coin. Owing to the biconcavity of the corpuscles, their 
Mntres and peripheries ahernate in brightness and shadow, as the 
10 
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olijeci'lfUM i» made to approach or recede. 

kiio aUo (crve to distm^ish them from pus 

cnusH n miniiicitrop of blood, taken froin the finger w«h a 

may be uxd for comparison. After urine coatauung bfaod k>s Mrf 

for ■ante time, the torpuscles lose their r^utar ontlnte ami Iw^ 

•lirivctcd und angular. (See a in figure.) If the oovpiscks be A- 

int«i;ratcdiind dissolved, we must tat \ot blood-t^ol^rim^ m^aen. 

Tlic spectroscope olTere the best means for their detectkio. bat k 
phy&icliin* are seldom provided with that instrumeat. the fblktnu '■& 
ihetftt.- Hacc the urine in a testmbe and shake op .itli ajml 
volumes of linclurc of jjualacum and oioniied ether or oW oil of tn- 




pcniinc. If blood-coloring matters are present, the precipitated r 
is */»(", instead of a dirty greenish yellow. 

IlILE.— Urine containing bile is yellow, froths on shaking, and a tag 
dipped in it and dried is permanently yellow. 

t, Tell far Bile-colorhig MaiUrs.* — {a) Underlay the urine with 
yellow nitric acid or a mixture of nitric and sulphuric acids ; or the 
urine and acid may be placed adjacent on a white plate. In either 



'Bilirubin oxidizes so easily that icteric urine oClen gives only the green 
ColorslioD, or, <f kept long, fails lo respond at all, lleucp, if fresh icleric nrioe 
Clnnnt be obtained and bile urine must be prepared for demonslratioD, fredl 
lille fruin a recenlly killed animnl, and not the inspissated, mu$t be used. 



method ihere occurs, at the junction of the liquids, a play of colors, 
green being prominent and characteristic ; (i) overlay the urine with 
tincture of iodine. At junction of the liquids a green color will appear, 
3. Test for Bile Acids. — Add a few grains of cane sugar or glucose 
to the urine and underlay it with sulphuric acid. At the junction of 
the liquid a reddish-purple color appears. As other substances than 
the bile acids may produce this reaction, we must, in cases of doubt, 
evaporate the urine to dryness, extract with alcohol, precipitate with 
ether, and redissolve in distilled water, and then apply the lest as 




Leucin and Tyrosin occur only in bile urine, for they attend ' 
destructive liver disease, especially acute, yellow atrophy an^ phoa 
phorus-poisoning. They form yellowish crystalline deposits (Fig. 54) 
— leucin as spherules, with concentric stria, and tyrosin as sheaf-like 
bundles of line needles. 

Cystin is 3 rare urinary sediment, a yellowish deposit of hcxagon.il 1 
plates (Fig. 55), not dissolved by heat or acetic acid but readily by I 
ammonia. It is a highly sulphurized body whose formation i 
system is obscure. It somelimes forms calculi. 
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Cakbosate of Calcium is a very rare deposit in human,! 
abundant in the urine of cattle. It occurs in small spherules (Fig. 56) 
sometimes coalescing; acetic acid dissolves it with effervescence. 

HippuRic Acid (Horse-uric Acid) largely replaces uric acid in the 
urine of herbivorous animals, and to some extent in that of man. 
especially after a vegetable diel. It occurs in pointed, four-sided 
prisms and acicular crystals, insoluble in acetic acid but soluble in 
alcohol. (Fig. 56.) 

Calcrtm Oxalate occurs in extremely small amounts in normal 
urine, but more abundantly in the so-called oxalic diathesis and in 
certain forms of dyspepsia, or after eating rhubarb or other things 




containing it. If persistently present it may form a (mulberry) calcu- 
lus. It occurs in both acid and alkaline urine, and always as a light 
delicate precipitate, which under high powers is seen to consist of 
small, brilliant octahedral crystals, but sometimes dumb-bells. (F"ig. 
49,} In certain aspects the smaller octahedra appear as squares 
crossed by two bright diagonal lines. 

Fat in such quantities as to float on the urine generally comes from 
the introduction of a catheter or from foreign admixture. Fatty 
degeneration of kidney, or leakage of a lymph vessel, or the opening 
of an abscess into the urinary tract may cause fat in the urine. It 
occurs as minute, highly refracting globules of various siies (see a in 
fig- 57)- but sometimes, especially in chylous urine, in more 




inder the microscope as 
s dissolving on addition 



ma (as at i), the globules appearing 
mere specks. Fat may be recognized by 

Mucus AND Pus.^Mucus is a normal 
transparent fluid, and would be invisible but for Ihe mucus corpus- 
cles, epithelium and other sediments entangled in it, Tiiough closely 
related to albumin, mucin is coagulated by ncetic acid and not by 
heat. Mucus is increased by irritation of the urinary tract, but as 
inflammation supervenes albumin appears and the urine is purulent. 
The mucus and pus corpuscles present the same appearance under the 
microscope as other leucocytes, vh,: rounded, colorless, very granu- 
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Fat Glohula. Pus CoT"!=l=5- I 

lar cells, a little latter than red blood corpuscles. (Fig, 58,) If the 
urine be greatly diluted, or, better, treated with acetic acid, the cells , 
swell up, lose their granular appearance, become transparent, and ' 
show their nuclei (a in Fig. ;8), The pus cell oftener than the n 
corpuscle has more than one nucleus. Pus may be distinguished from ' 
mucus: ([) It is always attended with albumin; (2} (Donne's test) 
treated with an alkali it forms a gelatinous mass ; (3) hydrogen per- 
oxide causes marked effervescence with pus. 

EpiTHiiUtiM in the urine may come from any part of the genito- 
urinary tract. The accompanying cut shows the typical forms of cells , 
coming from various situations. It is generally impossible to locale j 
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the origin of an epithelial cell beyond the vagina and bladder, for 
their distinctive differences, but slight at best, are rendered still fainter 
by maceration in the urine. Renal epithelium comes from the urinifer- 
ous tubules, and are rounded and granular, and, unlike pus cells, they 
show their nuclei without acetic acid. They are usually associated 
with albumin and tube casts (Fig. 60), and therefore point to kidney 
disease. 

Tube Casts. — In hemorrhage from or inflammation of the kidney 
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(rt) Epithelium from the human urethra; {b) vagina; (c) prostate; (rf) Cowper's glands ; 
{e) Littre's glands ; (/") female urethra ; {g) bladder. 



the urine usually contains microscopic casts or moulds of the urinifer- 
ous tubules formed by exudation into the tubule of coagulable 
material, which afterward contracts, becomes loose, and is washed 
out with the urine. As they imbed and bring away epithelial cells, 
granular matter, fat globules, blood disks, etc., they are a valuable 
index to the condition of the tubules, (i) Epithelial c?iSXs (see upper 
portion of figure) are those bearing renal epithelium. They indicate 
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mative nephritis, (:;) Hyaline casts (shown in left-hand part 
Ifigure) are transparent and comparatively free from entangled 
They come from tubules whose epithelium is sound and 
or from those bereft of epithelium. In the latter case they 
1 solid in appearance {waxy casts) and indicate serious 
iritis. (3) Granu/ar ca.sis are opaque from presence of granular 
(4) Fat/y casts (see lai^r cast in figure) are such as carry 
T globules, either free or contained in epithelial cells. They are 
" proof of fatty degeneration of the kidney. (5) Blood casts contain 
_ blood corpuscles, and show that the ha;maturia is of renal origin, 
p ,Spkkmatozo.\ occur in urine as a result of spermatorrhcea. 
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\ emissions, or coitus. They are liable to escape observation, for 

Ihey subside slowly, and are very small and transparent. Under a 
high power they are seen to consist of a small oval cell with a tail-like | 
prolongation. Their tadpole-like appearance is shown in Fig. 61. 
They arc motionless in urine, and remain for days unaltered. 

Microorganisms. — Urine being a solution of organic matters 
comes as soon as voided a ready medium for the growth of the lower 
forms of life, the germs of which get in from the air or unclean 
sels. Besides various others we may mention; (1) Yiasl Jungus 
(shown on page 113} is seen during its sponile stage as transparent j 
, oval cells, sometimes arranging themselves in branches. It grows 
j^Haly in saccharine urine, though spores closely resembling it are ! 
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in acid urine containing neither sugar nor albumin. (2) Sa 
fungus seldom found in urine, but more frequently in matters vomited 
during certain diseases of the stomach. The cells are arranged in 
cubes, resembling bales bound with cross-bands. The sarcinse shown 
at a in figure are from the urine, those at i from vomited matters. 

3. Bacteria (little rods). This is the general term given to the 
minute moving organisms invariably present in putrefying animal and 
vegetable matter. They consist of simple cells filled with a colorless 
fluid and presenting several varieties of form: (.1) HiirocBCti appear- 
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ing as trembling points, distinguished from other particles by ft( 
progressive motion ; ifi) Rods about the length of the diameter of blood 
disks, sometimes at "rest, but usually vibrating across the field; (c) 
Vibrioftes, consisting of several rods joined together and moving with 
greater rapidity ; and (</) Zi'S^/ftr, aggregations of bacteria held to- 
gether by gelatinous material and resembling masses of amorphous 
uratesor phosphates. These various forms are shown in Fig. 41 awAl^ 
Bacteria not only cause decomposition outside, but may set it up' 
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urine while yet within the bladder, provided they be introduced from 
without. This may be done by dirty catheters and sounds, or they 
may work their way down the urethra in the pus of a gleet. The 
ammoniacal fermentation thus set up soon induces cystitis. 

Extraneous bodies^ such as hair, wool, or fragments of feathers, are 
often found in urinary deposits, and ludicrous mistakes have been 
made by observers not on their guard for such casual admixtures. 

Sediments. — The chejnical examination of unorganized urinary 
sediments is generally an easy matter, for they usually consist of urates, 
phosphates, calcium oxalate, or uric acid. Warm the sediment with 
the supernatant urine, it dissolves — urates. If not, warm with acetic 
acid, it dissolves — -phosphates. If not, warm with hydrochloric acid, 
it dissolves — calcium oxalate. If not, it is uric acid, which may be 
confirmed by the murexid test. 

Urinary Calculi. — Urinary calculi (calculus, a pebble) are com- 
posed of urinary sediments which have gathered around some nucleus 
(usually calcium oxalate or uric-acid crystals, or some foreign body) 
within the bladder, and being slowly deposited, particle upon particle 
and layer upon layer, the concretion becomes as hard as stone. The 
concretion often consists of successive lavers of different sediments 
deposited during varying conditions of the urine. 

The qualitative analysis of calculi is easy. Saw the stone through 
the middle and see whether it be composed of the same material 
throughout or of successive layers of different sediments. If the 
former, take the sawdust ; if the latter, chip off a specimen from a 
single layer. But this should be pulverized very fine (for it is dissolved 
much less readily than fresh sediments), and then test by means of 
heat, acetic and hydrochloric acids, just as other sediments. 

The following method is easier in practice : — 

I. Heat to redness on a piece of platinum foil. If no residue, see 
II ; if a residue, see III. 

II. To a fresh portion apply the murexid test. If it responds it is 
ammonium urate or uric acid ; if it does not respond it is cystin or 
xanthin, see IV. 

III. To the residue, when cool, add hydrochloric acid. If it effer- 
vesces it is an oxalate or urate, which may be determined by the 
murexid test ; if it does not effervesce it is a phosphate, 

IV. Dissolve some of the powder in nitric acid. If the solution is 
yellow it is xanthin ; if dark brown it is cystin. 
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Absolute weight, lo 
Acetanilide, 117 
Acetic acid, 109 
Acetic aldehyde, xo8 
Acid acetic, 109 

antimonic, 54 

antimonious, 54 

arsenic, 49, 50 

arsenious, 49, 50 

benzoic, 109 

boric or boracic, 76 

chloric, 33 

chlorous, 33 

chromic, 79 

citric, no 

cyanic, 61 

formic, no 

gallic, no 

nippuric, 140 

hyariodic, ^i 

hydrobromic, 31 

hydrochloric, 31, 32 

hydroc^'anic, 60 

hydroferricyanic, 61 

hydrofluoric, 31 

hydrosulphuric, 35 

hypochlorous, 33 

hyponitrous, 44 

lactic, no 

lithic (see Uric), 129 

malic, no 

meconic, 119 

muriatic, 31 

myronic, 115 

nitric, 4s 

nitrohydrochloric, co 

nitromuriatic, 32 

nitrous, 45 

oleic, 107 

orthophosphoric, 48 

osmic, 93 

oxalic, no 

palmitic, 107 

perchloric, 33 

phosphoric, 49 

picric, no 

plumbic, 56 

pnissic, 60 

pyrogallic, in 

pyrophosphoric, 48 

salicic, 56 

salicylic, in 



Acid, sodium phosphate, 123, 132 

stannic, 56 

stearic, 107 

succinic, in 

sulphocarbolic, 104 

sulphocyanic, 61 

sulphuric, 39 

sulphurous, 37 

tannic, ni, 115 

tartaric, in 

uric, 129 

valerianic, in 
Acid salts, 69 
Acids, definition of, 16, 22 

fatty, 107 

organic, 109 
Acidulous radical, 27 
Aconitine, no 
Analytical table, 04, 95 
Affinity, chemical, 25 
Aging of liquors, 103 
Air, 41 

Albumin, 116, 133 
Alcohol, loi, 102 

amylic, 103 

ethylic, 102 

glycerylic, 104 

mannityl, 105 

methylic, loi 

phenylic, 104 

radicals, loi 

vinic, 102 

wood, io< 
Aldehydes, loi, 108 
Ale, 103 

Algaroth, powder of, 54 
Alkalies, metals of the, 65 
Alkaline earth metals, 71 
Alkaline group, 65 
Alkaloids, 118 
Alloys, 62 

Allotropic forms, 56 
AUylsulphocyanate, 115 
Aluminium, 76 

bronze, 76 

chloride, 76 

silicates, 77 

sulphate, 76 
Alum, 76 
Amalgam, 62 
Amides, 117 
Amines, 117 
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Ammonia, 42 
Ammoniac, 100 
Ammoniated mercury, 89 
Ammonio-chloride of mercury, 89 
Ammonio citrate of iron, 84 

ferric alum, 77 

magnesium pnosphate, 72 

nitrate of silver, 52 

sulphate of copper, 52 

tartrate of iron, 84 
Ammonium, 66 

alum, 77 

amalgam, 66 

carbonate, 67 

hydrate, 66 

hydrosulphide, 67 

nitrate, 44 

nitrite, 41 
Amygdalin, 61, Z15 
Amylacetate, 104 

hydrate, 103 

nitrite, 106 
Amyllc alcohol, 103 
Amy loses, Z12 
Amylum, 112 
Analysis, 21 

acidulous radicals, 94 

definition of, 21 

metallic radicals, 94 
Aniline, 117 
Animal charcoal, 56 
Antidote, definition of, 51 
Antidotes to acids, 73 

to alkalies, 67 

to alkaloids, 118 

to antimony, 55 

to arsenic, 51 

to barium, 75 

to carbolic acid, 104 

to copper, 87 

to cyanides, 61 

to lead, 65 

to mercury, 90 

to oxalic acid, no 

to silver, 92 

to sulphuric acid, 40 
Anlifebrin, 117 
Antimonious chloride, 54 

hydride, 54 

oxychloride, 54 

oxide, 54 

sulphide, 54 
Antimoniuretted hydrogen, 54 
Antimony, 53 

Antimony and potassium tartrate, 54 
Antimony, butter of, 54 
Antimony!, 54 
Antipyrine, 118 
Antiseptics, 42 
Antizymotics, 42 
Apomorphine, 119 
Apparent weight, 10 
Aqua, 20 

ammonia, 66 

ammoniae fortior, 66 

chlori, 29 

destillata, 23 

fortis, 45 



Arbutin, 116 
Argenti nitras, 91 
Argol, III 
Arsenic, 49, 50 

acid, 49, 50 

oxide, 50 . 

pentoxide, 50 

toxicology of, 50 

white, 50 
Arsenious acid, 49, 50 

hydride, 49 

iodide, 49 

sulphide, 49 
Arseniuretted hydrogen, 49 
Arsine^ 49 

Artificial parchment, 1x2 
Asafoetida, 100 
Asbestos, 62 
Atmosphere, 41 
Atomic theory, 12 

weight, 13 
Atoms, 13 
Atropine, no 
Auric chloride, 92 



Babbitt's metal, 54 
Bacteria, 120-144 
Baking powders, 70 
Balsam of Peru, 100 
Balsams, zoo 
Barium, 75 

chromate, 75 
Bases, 22 

Basylous radicals, 27 
Beer, 103 
Beet sugar, 1x3 
Bengal light, 75 
Benzine, 98 
Benzoic acid, 109 
Benzoine, 100 
Bichromates, 79 
Bile in urine, 138 
Bilirubin, 138 
Bismuth, 55 

ammonio-citrate, 55 

nitrate, 55 

oxynitrate, 55 

subcarbonate, 55 

subnitrate, 55 
Bismuthyl, 54 
Black lead, 56 

oxide of manganese, 80 
Bleachine, 24, 38, 74 

powder, 74 
Blood casts, 143 

in urine, 137 
Blue ointment, 87 

pill, 87 

vitriol, 85 
Bluestone, 85 
Boroglyceride, 76 
Borax, 76 
Boric acid, 76 
Boron, 76 
Brandy, 103 
Brass, 77 
Brimstone, 35 
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Britannia, 54 

British gum, 113 

Bromides, test for, 30 

Bromine, 28 

Bromum, 28 

Bronze aluminium, 76 , 

Brucine, 119 

Butter of antimony, 54 

Butyl, loi 



Cadavarine, 120 
Cadmium, 79 
Caesium, 65, 71 
Caffeine, 119 
Calcium, 73 

carbonate, 73, 140 

chloride, 73 

hydrate, 73 

oxalate, 74, 140 

oxide, 73 

phosphate, 74 

sulphate, 74 
Calculi, urinary, 14s 
Calomel, 88-89 
Calx, 73 

chlorata, 74 
Camphor, monobromated, xoo 
Camphors, 100 
Cane sugar, 113 
Caoutchouc, 100 ' 
Caramel, 103 
Carat fine, 92 
Carbamide, 117 
Carbazotic acid, no 
Carbolic acid, 104 
Carbohydrates, 112 
Carbon, 56 

dioxide^ 57 

disulphide, 37 

group, 56 

monoxide, 57 
Carbonic acid, 56, 57 
Carburetted hydrogen, 99 
Casein, 116 
Catalysis, 18, 26, 105 
Caustic ammonia, 66 

potash, 70 
Cellulin, 112 
Celluloid, 112 
Cellulose, 112 
Centimeter, cubic, 147 
Cerium, 77 
Chalk, 73 
Charcoal, 56 

animal, 56 
Chemical action, 9 

afTmity, 25 * 
Chemistry, definition of, 9 

inorganic, 15 

organic, 97 
Chinoline, 118 
Chloral. 108 

hydrate, 109 
Chloralum, 76 
Chloride of gold, 92 

of lime, 74 
Chlorides in urine, 132 



Chlorides, tests for, 132 
Chlorinated lime, 74 
Chlorine, 28 

group, 28 

oxides, 32 
Chloroform, xo6 
Choke damp, 57 
Cholesterine, 108 
Choline, 120 
Chondrin, 116 
Chromates, 79 
Chrome yellow, 64 
Chromic acid, 79 
Chromium, 79 

trioxide, 79 
Cider, 103 

Cinchona alkaloids, 119 
Cinchonicine, 119 
Cinchonidine, 1x9 
Cinchonine, 1x9 
Cinnabar, 90 
Citric acid, I TO 
Citrine ointment, 88 
Classification of elements, 15 
Clay, 62 
Coal, 56 

mineral, 56 
Cobalt, 85 
Cocaine, 119 
Codeine, 119 
Coin, pi, 92 
Colchicine, 119 
Collodion, 1x2 
Colocynthin, 1x6 
Colorm^ matters, urinary, 130 
Combinmg weight, X3 
Combustible, x8 
Combustion, 18 

supporter of, 18 
Compounds, ix 
Concentrated lye, 69 
Conine, 119 
Copal, xoo 
Copper, 85 

ammonia-sulphate, 52 

arsenite, 52 

black oxide, 86 

group, 85 
, suboxide, 86 
Copperas, 82 
Corals, 73 

Corrosive sublimate, 89 
Cotton, 112 
Crab orchard salts, 72 
Cream of tartar, 69 
Creasote, 105 
Creatine, 120 
Creatinine, 120 
Creta preparata, 73 
Crystallization, water of, 21 
Cupric hydrate, 86 

oxide, 86 

sub acetate, 86 

sulphate, 85 
Cuprous oxide, 86 
Cyanates, 61 
Cyamic acid, 61 
Cyanide, mercuric, 60 



1 , 


^^^^^^^^1 


^1 CyMuiH, ™».pound. 6. 


ElhyLic Dlcohol, T« ^^^^^^^1 


■ C^tofl^*" 








^V Davy'i mMbad to< una, 117 


^^H 






SE". 


^^Ji ■ 


U.po»iB,unW.y. MS 




Dew poiut. 4> 




Dulnn, II] 






Ferri citr^, S4 ^^H 


"uriK^n''"* 


arboKa uccharalu, Xi ^^^^H 


D»lj..fe.Sj 


«.unMoi.U<:i»»,g,'^ ^^H 


Dialyied iron. 83 


El amnuioll UrDu, 84 ^^^H 


Di^y«r,85 


«p<>usiiiunnu.K4 ^^^H 


Diamond, 56 


elquillllUBdRU.S* ^^H 


Diuu», 1.4 


et itryijmia ciuu, H ^^^H 


D!fli.°i™"&' 


F^.A's.'iSsv ^H 


Di -S?S' 






Fcrricyanidci , 6 1 ^^^H 






DDPM-,..3tlS.pu.,Mi 


FrnocyaDogcn'. 61 ^^^H 




Fcmms cbltnide. Si ^^^H 








Bj ^^^H 


■ Dxn=mil,.i=, ■ 






&I ^^^H 


■ 


F.™''^3^m 81 ^^1 


^P E^lhs.mculiaf Ihe. 7S 






^^H 


^ EfflMHOS, >. 


F liTiiiion. n ^^^H 


EI»»il),.lG 


FLtcd aib, .07 ^^H 




^^H 


El«tro- podtiYC >nd I,(gati«. J4 


Floirin of lulphui, 35 ^^^H 




Fluoride. t«» for. 3^ ^^H 




FuoriK.iB ^^H 




Fluonpu. iB ^^^H 






Erautain. lij 


8s ^^^1 


Epilhcliil <a»s, 143 


Formh: ^cid, .10 ^^H 


Epilhelmni, u, 


Formulz, u ^^^M 


EpMin sslu. ,1 


Fowler-i mabai Tor urea, i^'E ^^^M 


E^u>lion, 14 


loluibB. s° ^^^M 


Erbium J5 


Frull eucncn, utiCcuil, 104 ^^^H 


r^^dourio} ^^^1 


E™mialoil..w 


EleWng, jj 








^ ^''^lon'c, 106 


^^Ji... ^M 




K> hvdr«hUrlc, >oe 


G^1>.«>k,»< ^^H 


^H DitroiH. 106 


Gu dcEnido»«C.° ^^H 




H sulphuric, lo; 




^H Elhen, lompounil, 10.. 105 


^^H 


^B ^mplc. t°<. IPS 


Ron)). 99 ^^^H 


^H Eltiyl bromide. ic« 


G^ ^^H 


^H lUlchyde, IPS 




^B cUan'd..'.^ 


Geixi^ii'.ne .^^H 


^H h^ntc.ioi 


German sn>ir,G^ ^^^H 


^H pitrilc. !.£ 




^B ,oJ 


Gliui.fa ^^H 



INDEX. 



151 



Globulin, 1x6 
Glucose. 114, 134 
Glucosides, X15 
Glycerine, 104 
Glycerites, 104 
Glycyrrhizin, 116 
Glyceryl ic alcohol, 104 
Glycogen, 113 
Gold, 92 

lea^ 92 
Goulara's extract, 63 
Gramme, 147 
Granular casts, 143 
Grape sugar, 114 
Graphite, 56 
Gravity, specific, 10 
Gray powder, 87 
Green fire, 75 
Green vitriol, 82 
Group, alkaline, 65 

alkaline earths, 71 

carbon, 56 

chlorine, 28 

copper, 85 

hydrogen and oxygen, 15 

iron, 79 

nitrogen, 40 

zinc, 77 
Guaiacol, 105 
Guaiacum, tincture, 138 
Gum resins, 100 
Gums, Z13 
Gun cotton, 112 
Gutta percha, 100 
Gypsum, 74 



Haines' test, 136 
Hair dye, 11 1 
Hartshorn, 41 

spirits o^ 43 
Homatropine, 119 
Homologous series, 98 
Hyaline casts, 143 
Hydracids, 31 
Hydrates, 22 
Hydrargyri — 

chloridum mite, 88 

cum creta, 87 

iodidum rubrum, 88 
viride, 88 

oxidum flavum, 89 
rubrum, 89 

subsulphas flavus, 88 
Hydrargyrum, 87 

cum creta, 87 
Hydrobromic ether, 106 
Hydrocarbons, 98 
Hydrochloric ether, 106 
Hydrocyanic acid, 60 
Hydro-ferri cyanic acid, 61 
Hydro-ferrocyanic acid, 6t 
Hydrogen, 16 

carburetted, 99 

cyanide, 60 

dioxide, 24 

oxide, 20 

peroxide, 20 



Hydrogen sulphide, 35 
Hyoscyamine, 119 
Hydrometer, 10 

-Hypo." 33 .^ 

Hyponitrous acid, 44 
Hyposulphite of sodium, 38 
Hyposulphites, 38 

"iC,"27 

"ide,"33 



Ice, 20 

Ignis fatuus, 47 
Indestructibility, 9 
India rubber, loo 
Indican, 116, 130 
Ink, black, iii 

indelible, 92 

sympathetic, 85 
Inorganic chemistry, 15 
Insolubility, influence of, 26 
Insoluble chlorides, 91 
Introduction, 9 
Iodide of nitrogen, 41 

of starch, i 
Iodides, tests for, 32 
Iodine, 28 
Iodoform, 107 
Iridium, 93 
Iron, 81 

by hydrogen, 81 

cast, 81 

group, 79 

pig, 81 

reduced, 81 

salts (see Ferrous and Ferric), 81 

scale compounds of, 84 

wrought, 81 
Isologous series, 98 
Isomeric bodies, 99 
Isomerism, 98 

••ite,"33 



Jalapin, 116 
Javelli water, 71 



Kalium, 65 
Kaolin, 77 
Kerosene, 98 
Kreatine, 129 
Kreatinine, 129 



Labarraaue's solution, 71 
Lac sulphuris, 35 
Lactic acid, no 
Lana philosophica, 78 
Lanolin, 108 
Lanthanum, 75 
Laughing gas, 44 
Lead, 63 

acetate, 63 

carbonate, 64 

chloride, 64 

chromate, 64 

dioxide, 63 
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INDEX. 



Lead, iodide. 64 

nitrate, 63 

oxide, 63 

piaster, 63 

puce, 63 

red, 63 

subacetate, 63 

sugar (^, 63 

sulpiiate, 64 

sulphide, 64 

water, 63 

white, 6^ 
Ledoyen's disinfectant fluid, 63 
Leucin, IJ9 
Leucoroajoes, 120 
Lignin, 112 
Lime (see Calcium), 73 

chloride, 73 

kilns, 73 

quick, 73 

slaked, 73 

water, 73 
Limestone, 73 

magnesian, 71 
Linen, 112 
Linseed oil, ic8 
Liquid, definition of, 10 
Liquor, 20-66 

acidi arseniosi, 50 

arsenii et hydrargyri iodidi, 49 

calcis, 73 

saccharatus, 73 

definition of, 20, 66 

fcrri chloridi, 82 
nitratis, 84 
subsulphatis, 83 
tersulphatis, 83 

hydrargyri nitratis, 88 

iodi compositus, 30 

magnesii citratis, 72 

plumbi subacetatis, 63 

potassae, 70 

potassii arsenitis, 50 
Liter, 146 
Litharge, 63 
Lithium, 65 

urate, 65 
Litmus, 67, 125 
Lixiviation, 6^ 
Lubricating oil, 99 
Lugol's solution, 30 
Lunar caustic, 91 
Lustre, metallic, 62 
Lye, 69 



Magnesia, 72 

milk of, 72 
Magnesian fluid, 49 

limestone, 71 
Magnesium, 71 

carbonate, 72 

citrate, 72 

hydrate, 72 

oxide, 72 

phosphatis, 72 

sulphate, 72 
Malic acid, no 



Malt, 114 
Maltin, 114 
Manganates, 80 
Manganese, 80 

black oxide of, 80 

dioxide, 80 
Mai^anous sulphate, 80 

sulphide, 80 
Manna, 105 
Mannite, 105 
Mannityl alcohol, 105 
Marble, 73 
Marsh gas, 99 
I Marsh's test, 52 
I Mastic, 100 
j Matter, 9 
■ Measures, 146 
Meerschaum, 71 
Menthol, 100 
Mercurial ointment, 87 
Mercuric ammonium chloride, 89 

chloride, 89 

cyanide, &3 

iodide, 88 

nitrate, 88 

oxide, 89 

sulphate, 88 

sulphide, 90 
Mercurous chloride, 88 

iodide, 88 

nitrate, 88 

oxide, 89 

sulphate, 83 

sulphide, 89 
Mercury, 87 

acid nitrate, 88 

ammoniated, 89 

bichloride, 89 

biniodide. 88 

black oxide, 89 

green iodide, 88 

mild chloride, 88 

oleate, 80 

proto-ioaide, 88 

red iodide, 88 

red oxide, 89 

yellow oxide, 89 
Metallic lustre, 62 
Metak, 15, 62 
Metaphosphoric acid, 48 
Methane, 90 
Methyl hydrate, loi 
Methylated spirit, 102 
Methylic alcohol, loi 
Metric measures, 146 
Micrococci, 144 
Micrococcus urea, 124 
Microorganisms, 22, 114, 143 
Milk of magnesia, 72 

of sulphur, 35 

sugar, 114 
Millimeter, 146 
Mineral coal, 56 
Molecules, 13 
Molybdenum, 03 
Monobromatecl camphor, 100 
Monsel's solution, 83 
Morphine, 119 
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Mother of vinegar, 114 
Mucilage of starch, 113 
Mucus, 122, 141 
Mulberry calculus, 140 
Murexid test, 130 
Muscarine, 120 
Mustard, 115 

Mycoderma aceti, 109, 114 
Myronic acid, 115 
Myrrh, 100 



Naphtha, 98 
Narceine, 119 
Narcotine, 119 
Nascent state, 26 
Natrium, 65 

Negative radicab, 27, 28 
Neuridine, 120 
Nitre, sweet spirits of, 106 
Nickel, 85 
Nicotine, 119 
Nitrates, tests for, 46 
Nitric acid, 45 
Nitrfc oxide, 45 
Nitrification, 45 
Nitrite of amyl, 106 
Nitrites, 45 
Nitro-cellulose, 112 
Nitrogen, 40 
dioxide, 45 

group 40 

hydride, 42 

iodide of, 41 

monoxide, 44 

oxides, 44 

pentoxide, 45 

tetroxide, 45 

trioxide, 45 
Nitrogenous bodies, 116 
Nitro-glycerine, 104 
Nitrous acid, 45 

ether, 106 

oxide, 44 
Non-metals, 15 
Nux vomica alkaloids, 119 



Oidium albicans, 114 
Oil, fusel, 103 

linseed, to8 

of vitriol, 39 
Oils, essential, 99 

fixed, 107 

volatile, 99 
Oleic, 107 
Oleo-resins, xoo 
Oleum terebinthinae, 99 
Opium alkaloids, 119 
Organic acids, 109 
Organic chemistry, 97 
Organized bodies, 97 
Orpiment, 40 
Orthophospnoric acid, 48 
Osmic acid, 93 
Osmium, 93 
*' Ous," 27 
Oxacids, 33 

11 



Oxalate of lime, 74 

Oxalic acid, no 

Oxidation, 18 

Oxide, definition of, 18 

Oxidizing agents, 19 

Oxy chloride of antimony, 54 

Oxygen, 17 

Oxygenated water, 20 

Oxyhydrogen flame, 17 

Ozone, 10 

test for, 20 
Ozonized ether, 24 



Painters' colic, 65 
Pancreatin, 114 
Paper, 112 
Paraffine, 98 
Paraldehyde, 108 
Parchment, artificial, 113 
Paris green, 52 
Pavy's solution, 135 
Pearl ash, €9 

white, 55 
Pepsin, 114 
•• Per," 33 
Perspiration, 11 
Peru, balsam of, 100 
Petrolatum, 98 
Petroleum, 98 
Pewter, 55, 63 
Phenates^ 104 
Phenacetine, 118 
Phenol, 104 
Phenyl alcohol, 104 

bisulphate, 105 
Phenylamine, 117 
Phosphates in urine, 131 
Phosphine, 47 

Phosphoretted hydrogen, 47 
Phosphoric acid, 49 
Phosphorus, 45 

hydride, 47 

oxides, 48 

pentoxide, 48 
Picric acid, no 

test for glucose, 136 
Physosti^mine, 119 
Pilocarpine, 119 
Pilula hydrargyri, 87 
Plaster-of- Paris, 74 
Plasters, 108 
Platinic chloride, 71, 93 
Platinum, 92 
Plumbago, 56 
Plumbic acid, 56 
Plumbum, 63 

Poisoning by chloroform, 107 
Porcelain, 77 
Porter, 103 
Port wine, 103 
Potassium, 68 

acid carbonate, 69 

bromide, 70 

bicarbonate, 69 

bichromate, 79 

bitartrate, 6^ 

carbonate, 6g 
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milk, 114 
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Sulphur, IS 
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Symptue, 115 
SyBOaii, >i 
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Water-glass, 62 
Waxy casts. 143 
Weight, o 

absolute, xo 

apparent, xo 
Weights, atomic, 13 

combining, 13 

specific, xo 
White arsenic, 50 

lead, 64 

precipitate, 89 

vitriol, 78 
Whisky, X03 

*'WiU-o'-the-wisp,"47 
Wines, 103 
Wood alcohol, xoi 

naphtha, lox 

spirit, xox 
Woody fibre, 1x2 



I Xanthin, 120, 145 

Yeast, 114 

fungus, 143 
Yellow chrome, 64 

prussiate of potash, 61 
; Ytterbium, 75 
': Yttrium, 75 



Zinc, 77 

carbonate, 78 
chloride, 78 
oxide, 78 
sulphate, 78 
sulphide, 78 
white, 78 

Zoogleae, 144 
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